tba a odd 
aye ted: 


ee 


ee 
een 


Beye 


a emee 
sac 


pin 


pes ubecnetas 


# 


= 
e 


“Sere 
parieh 


rea tty 
4 fh 5 Deiat 
eae 


oe 


asa 
ee 


eh 


siabat eas 

‘ Anas 
Shee 

eset Mahe 


Rape 
Woh ah fat 
Rea 


aN 


Daa ant 
Pe gst th 


babes 


Bs 


ae 
eRe 


icin 
tibet 
peters 


ey 


re 


ate 
ed wa se ny 
Sephaes onde 


arta 


ke} 
ite ihe 
ot das 


ts 
bite atch os 
‘iy fritaeees icy 
Ss Sease secu ey: Sieanisere ase 
nerats Piha t tik ed 
ear ee 
oe 
i 


— e: 7 = ; 7 


Americana 


NUMBER 57 JUNE 28, 1991 


Revised taxonomic procedures 
and paleoecological applications for some 
North American Mississippian 


Fenestellidae and Polyporidae (Bryozoa) 


by 


Edward McKinley Snyder 


1989 Winner of the Osgood Prize 


PALEONTOLOGICAL RESEARCH INSTITUTION 


Officers 
PRESIDEN aero en eee a De eke HARRY A. LEFFINGWELL 
VIGESPRESIDENT? sane te eo ee Rasa a cena ee J. THOMAS DuTRO, JR. 
SEGRETAR Var se cick os eta ea AS le ey TS Ee HENRY W. THEISEN 
SEREASURER Gr sencsieot taster can eccentrics ee eee JAMES C. SHOWACRE 
ASSISTANTMUREASURIER@ 54 6 <cc0. cre ae eae eee eter ae ROGER J. HOWLEY 
TO IRECT ORY rece ies sates at ataie ede ede se eee oh RST ASL AG oes PETER R. HOOVER 
ILEGATCOUNSEM Js, aS irs ccs con be ceeteees MarR Re CRO HENRY W. THEISEN 


Trustees 


BRUCE M. BELL (to 6/30/93) EDWARD B. Picou, JR. (to 6/30/92) 
CARLTON E. BRETT (to 6/30/92) JAMES C. SHOWACRE (to 6/30/93) 

J. THOMAS DuTRO, JR. (to 6/30/93) JAMES E. SORAUF (to 6/30/91) 
HARRY A. LEFFINGWELL (to 6/30/93) JOHN STEINMETZ (to 6/30/91) 
ROBERT M. LINSLEY (to 6/30/92) HENRY W. THEISEN (to 6/30/92) 
CATHRYN NEWTON (to 6/30/91) RAYMOND VAN HOurtrteE (to 6/30/91) 
SAMUEL T. PEES (to 6/30/92) WILLIAM P. S. VENTRESS (to 6/30/93) 


A. D. WARREN, JR. (to 6/30/91) 


BULLETINS OF AMERICAN PALEONTOLOGY 


and 


PALAEONTOGRAPHICA AMERICANA 


PETERS IELOOVERS 2. osteo See Ce rene Seer nne ieee: EDITOR 


Reviewers for this issue 


A. HOROWITZ F. K. MCKINNEY 


A list of titles in both series, and available numbers and volumes may be 
had on request. Volumes 1-23 of Bulletins of American Paleontology have been 
reprinted by Kraus Reprint Corporation, Route 100, Millwood, New York 10546 
USA. Volume | of Palaeontographica Americana has been reprinted by Johnson 
Reprint Corporation, 111 Fifth Ave., New York, NY 10003 USA. 


Subscriptions to Bulletins of American Paleontology may be started at any 
time, by volume or year. Current price is US $45.00 per volume. Numbers of 
Palaeontographica Americana are priced individually, and are invoiced separately 
on request. 


for additional information, write or call: 


Paleontological Research Institution 
1259 Trumansburg Road 
Ithaca. NY 14850 USA 

(607) 273-6623 


Table 8a.— Outlines of species diagnoses and descriptions, and definitions of measurements and terminology (in italics) employed therein. 
Definitions are either absolute or relative; in relative definitions, arrows [~] separate terms that indicate points in continua. Comparators of 
size may be further subdivided by the use of the terms “lower-end,” “mid,” and “‘upper-end,” to indicate the bottom, middle, and top of the 
range, respectively. Abbreviations of measurements are explained in Table 8b. CV = coefficient of variation. 


Outline of the Diagnosis 


1. Zoarial characters 
A. relative robustness (delicate [fragile, zoaria frequently broken and small] > intermediate [moderate number of large zoaria present, 
resist breakage better than delicate forms] ~ robust [zoaria typically large, highly resistant to breakage]) 
B. mesh spacing (close [WF < WB] — intermediate [WF = WB] ~— open [WF > WB)}) 
C. mesh uniformity (regular or irregular) 
D. secondary zoarial features (e.g., reticulate meshwork and central axis) 
. Branch characters 
. robustness (delicate [fragile, frequently crushed, thin width and depth] > intermediate [moderate preservation, width and depth inter- 
mediate] > robust [wide, thick, typically well-preserved]) 
width (narrow [<0.30 mm] — intermediate [0.30-0.39 mm] ~ wide [>0.39 mm]) 
branch thickness (thin [<0.30 mm] — medium [0.30-0.39 mm] > thick [>0.39 mm]) 
. proximodistal trace (e.g., straight, sinuous, broadly curved) 
shape in transverse cross-section (e.g., elliptical, ovate, circular, semicircular, rhombic, polygonal) 
. spacing (close [DBC < 2.0 x WB] — intermediate [DBC 2.0-2.5 x WB] — wide [DBC > 2.5 x WB)}) 
3. Dissepiments 
A. width (thin [<0.5 x WB] — intermediate [0.5-1.0 x WB] — wide [>1.0 x WB)) 
B. length (short [WF < WB] — intermediate [WF = WB] — long [WF > WB)) 
C. placement (regular or irregular intervals) 
4. Fenestrule 
A. size (small [length <0.4 mm; width <0.24 mm] ~ intermediate [length 0.4-0.9 mm; width 0.24-0.34 mm] = /arge [length >0.9 mm, 
width >0.34 mm]) 
B. shape (e.g., elliptical, ovate, rectangular, square, circular) 
C. uniformity of shape (regular or variable) 
5. Autozooecial apertures 
A. relative size (small [length <0.09 mm; width <0.07 mm] ~— intermediate [length 0.09-0.15 mm; width 0.07-0.12 mm] ~ J/arge [length 
>0.15 mm; width >0.12 mm]) 


) 
> 
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B. shape (e.g., circular, ovate [includes direction of elongation], elliptical [includes direction of elongation]) 
C. peristomal characters (width, degree of development, and completeness) 

D. position of apertural stylets 

E. number of apertures per fenestrule length 


6. Branch surface ornamentation and features; placement and positioning along obverse and reverse branch surfaces 
A. keel width (narrow [<0.05 mm] ~ intermediate [0.05-0.15 mm] ~> wide [>0.15 mm]) 
B. nodes (small [<0.7 mm] — intermediate [0.07-0.12 mm] ~ /arge [>0.12 mm]) 
7. Autozooecial chambers 
A. relative size (small [length <0.20 mm; depth <0.10 mm; maximum width <0.10 mm; minimum width <0.07 mm] ~ intermediate 
[length 0.20-0.48 mm; depth 0.10-0.20 mm; maximum width 0.10-0.15 mm; minimum width 0.07-0.12 mm] ~ /arge [length >0.48 
mm; depth >0.20 mm; maximum width >0.15 mm; minimum width >0.12 mm]}) 


B. emplacement (monoserial, biserial, or in rows at and proximal to sites of branch bifurcation) 

C. chamber outline 
1. near reverse wall (triangular, rectangular, square, ovate, elliptical, circular, parallelogram-shaped, or diamond-shaped) 
2. at mid chamber (triangular, rectangular, square, ovate, elliptical, circular, parallelogram-shaped, or diamond-shaped) 
3. near obverse surface (triangular, rectangular, square, ovate, elliptical, circular, parallelogram-shaped, diamond-shaped, or bilobate) 

D. orientation of elongation 

E. location of aperture relative to chamber 

F. relative size of vestibules (if present) 

G. degree of development of superior and/or inferior hemisepta (if present) 

H. mean lateral-wall budding-angle (constant [CV < 10] or variable [CV > 10}) 

I. mean reverse-wall budding-angle (constant [CV < 10] or variable [CV > 10]) 

J. heterozooecia (if present, type and location on branch) 


Table 7.— Definition of zoecial and zoarial characters used in species descriptions. The numbers preceding characters are used as abbreviations 
for those characters in Tables 10-46. They are defined in numerical order in Table 8a. E = in external view; I = in internal view; use of the 
symbol > between these abbreviations indicates greater importance of the view abbreviated to the left. 


A. Zoarial character 
1. branch width (WB).—Measured perpendicular to direction of branch growth (in plane of frond); measurements are not made near 


dissepiments or branch bifurcations; exhibits high coefficients of variation in most species due to secondary or lamellar thickening 
of the branch (see Text-figs. 4A, 6A, 6B, 9A) Eorl 
2. distance between branch centers (DBC).— Measured Rervecnt areas of branch bifurcation; hag a high coefficient of variation among 
species (see Text-fig. 6A) ............ Eorl 
3. dissepiment width (WD).—Measured parallel? to Nairectiont of Brace PROG | in idee Of eisseviment? ner a high coefficient of 
variation due to secondary skeletal thickening (see Text-figs. 4A, 6C, 7B) .E>I 
4. length of fenestrule opening (LF).—Measured parallel to direction of colony growth Detweent disceniment edges; heed by Elias and 
Condra (1957) as one of the primary diagnostic characters of Fenestella, but coefficients of variation calculated herein raise questions 
as to its significance; decreasing fenestrule length is associated with secondary dissepiment thickening, and ontogenetic change in 
fenestrule length is a colony response to environmental pressures (see Text-figs. 4A, 6C, 7B) . Baie Eorl 
5. width of fenestrule opening (WF).— Measured perpendicular to growth axis between branch edges at maximum aciameten of openings; 
moderately to highly variable due to correlation of decrease in fenestrule width with secondary branch thickening (see Text-fig. 4A) 
Spin soins SUS nOn DD Eorl 
6. number of aperture openings per. Nenevinile length (AF).— Meamired “iit one side of Brancht Between Aiseepiment centers, counting 
complete apertures or those with greater than half of opening present in the interval between dissepiments; constant within most 
species, although some species have between two and four apertures per fenestrule, thus decreasing the usefulness of this character 


(see Text-fig. 4A) ..... Ree Ge F 4 Sacer ac. th | 
12. diameter of nodes along PGR iigeiedal Surfac € (DN).— Maximum node diameter; these features are highly symmetrical (see Text- 
HeyAA) Urb aceeee ss - So 8 vai Cee POS é | 
13. diameter of nodes on Mieciments (DND).— Measured on obverse dissepiment surface (see Text-fig. 4A) E>I 
14. distance between node centers along obverse branch surface (SNB).—Included in the original meshwork formula of Ulrich (1890) 
[see p. 18]; high coefficients of variation for this character limit its usefulness (see Text-fig. 4A) Eorl 
15. width of keel (WK).—Measured perpendicular to direction of branch growth in plane of frond (see Text-fig. 4A) Eorl 
16. diameter of stylets on obverse surface (DSO).— Measured at maximum stylet diameter (see Text-fig. 4A) , ... Eorl 
17. spacing of stylets along obverse branch surface (SSO),—Highly variable for most species; moderately constant for a few (see Text- 
ASEAN) cra gsai ie elke Gl sra ake atzra’oiaie.ara.a cestalataseistare’a.@ a)a'o Eorl 
21. diameter of macrostylets on reverse branch surface (RSL).— Measured at maximum macrostylet Rmicied highly variable (see Text- 
RACY) Aainbsereae Eorl 


22. diameter of microstylets on reverse elbanch surfac e (RSS). SNfeasured at maximum microstylet diameter (see Text-fig. 4B) E>I 
23. spacing of macrostylets along reverse branch surface (SSL).— Measured between macrostylet centers; has an extremely high coefficient 


of variation (see Text-fig. 4B) ose : E orl 

24. spacing of microstylets along reverse branch surfac e (Sss).— EMeasired between microstylet centers; both microstylet diameter and 
microstylet spacing have high coefficients of variation (see Text-fig. 4B) E>I 

25. reticulate meshwork spacing parallel to direction of branch growth (LRM).—Measured between mesh centers; closely correlated to 
spacing and number of apertures along obverse surface; used in Hemitrypa (see Text-fig. SA, 5B) E orl 

26. reticulate meshwork spacing perpendicular to direction of branch growth (WRM).—Measured between mesh centers; closely correlated 
to spacing and number of apertures along obverse surface; used in Hemitrypa (see Text-fig. SA, 5B) ....Eorl 


27. spacing of whorls along central axis (WSC).—Measured between sites of maximum whorl expansion; corresponds to “number of 
volutions in 2 cm” of Ulrich (1890), but provides a more accurate determination of variability of the central axis of Archimedes; 
apparently strongly influenced by environment; used only in Archimedes (see Text-fig. SC) .. Eorl 

28. maximum diameter of central axis (DCA).—Measured perpendicular to direction of axis emplacement at maximum whorl diameter; 
used only in Archimedes (see Text-fig. SC)... 0.6. IEE ie 8 

29. angle between distal end of axis and axial whorl (ACA).— As acute angle; high coemmictent of variation probably reflects environmental 
influence; used only in Archimedes (see Text-fig. SC) ....... aoe I>E 

34. thickness of front-wall (obverse-wall) laminated layer (FWT).— Mexnired| as aniasncr of laminated skeletal material between exterior 
side of obverse granular skeletal layer and outer edge of laminated skeleton on obverse exterior zoarial surface; shows pronounced 
increase with ontogeny (See Text-figs. 6B, 6D, 9C) ......... 0... cc cece even ee een en steno eens I 

35. thickness of reverse-wall laminated layer (RWT).—Measured as thickness of laminated skeletal pinverial between exterior risicta of 
reverse granular skeletal layer and outer edge of laminated skeleton on reverse exterior zoarial surface; increases with ontogeny, 
producing high coefficients of variation (see Text-figs. 6B, 6D, 9A, 9C) ; 

43. thickness of branch (TB).—Measured across branch in obverse-reverse direction; proneuncean increase with ontoneny (see Text-figs. 
ae) ee EER Mer Aerie gatniainis)sioia nfnlc@ a hie e a/p'sa.eyaieye/aiers.alave die/acwsvenlacwenslaveeen rath ; A I 


Table 7.—Continued. 


B. Zooecial features 


7. aperture length (AL).—Inside diameter of apertural opening, measured parallel to direction of branch growth; measured on exterior 

surface where possible, due to problems in defining aperture orientation in shallow tangential sections (see Text-figs. 4A, 6C, 7B) 
E>I 

8. anerie width (AW). =iGeiate diameter of erential opening, measured Derpendiculscl to direction af branch growth; apertures 

inclined into fenestrules are measured in their apertural planes; measured on exterior surface where possible, due to problems in 


defining aperture orientation in shallow tangential sections (see Text-figs. 4A, 6C) .0 06. Bee) i> ay | 
9. distance between aperture centers along branch (ADB).—Measured between closest apertures parallel to eirection of branch growth 
(see Text-fig. 4A) ERT ITN RYN EYRE NS NOV EICLG RIT TES oT SIOTD LoCT These e PePalaus/a slave oavsslePoheisl cialeue cain aU Ne See, E>I 


10. distance between aperture centers across branch (AAB).— Measiired Beiwecn closest moertures across branch; direction of measurement 
is frequently diagonal to branch length and width; often has means similar to ABB (see below) and low coefficients of variation, 
probably reflecting symmetrical areal coverage of lophophore feeding zones (see Text-fig. 4A) ‘ E>I 

11. distance between aperture centers between branches (ABB).— Measured between closest apertures between branches, across fenestrule 
opening or dissepiment; often has means similar to AAB (see above) and low coefficients of variation, probaUly reflecting symmetrical 
areal coverage of lophophore feeding zones (see Text-fig. 4A) E>I 

18. width of peristome (WP).—Measured at distal end of aperture; increases with cays aanneriny and can thicken to cap apertures on 
proximal end of the zoarium (see Text-fig. 4A) sa0 mere Eorl 

19. number of stylets surrounding aperture (SA).—Stylet number is very constant eatinta a species, suggesting (where they are present, 
as they do not occur in all species) a possible function as tentacle guides for the polypide (see Text-fig. 4A) : Sersa wees LOK 

20. diameter of stylets surrounding aperture (SAD).—Measured as maximum diameter of apertural stylets (see Text-figs. 4A, 6C) 

I>E 

30. ovicell length (OL). —Inside diameter of enlarged polymorph exterior opening, measired foarailel to direction of branch growth (see 
Text-fig. 4A) PERO Ene ce Guo OUCUDDOCTOCE GA CC OODoceMmrdnc Contd sau UO aUEane sabre E>I 

31. ovicell width (OW).—Inside diameter of enlarged polymorph exterior opening, messured perrendictla to Airection of branch growth; 
ovicells occur fairly rarely in most fenestrates, being most commonly found in Hemitrypa and polyporids (see Text-fig. 4A) _E > I 

44. maximum width of ovicell in mid tangential view (WOT).—Used only where enlarged polymorph chamber alters inner dimension 
of chamber width PRE H ADM ODnGHOL mann cheeqonuABToE Osada nounvedavcoaidta 5 

32. thickness of reverse-wall pacilin even (TRW).—Measured across enwiian layer in Tonecudine) or transverse eecrionall view; granular 
skeletal material forms a complete lining of chambers in most fenestrates; has low coefficients of variation; much higher coefficients 
of variation are found in laminated skeletal characters; due to position of granular skeleton surrounding the zooecial chamber, 
granular skeletal material is considered to be zooecial (see Text-figs. 6B, 7A, 7C) 

33. thickness of chamber lateral-wall granular layer (TLW).—Measured in longitudinal view (see Text- fest 6D, 70) a I 

36. autozooecial chamber length (CL).—Maximum inside dimension of chamber measured subparallel to branch growth axis and parallel 
to long axis of chamber; measured in longitudinal view; may be taken between lateral chamber walls (Text-fig. 6) or between obverse 
and reverse chamber walls (Text-fig. 7); represents the maximum chamber length regardless of orientation of the measurement, 
although orientation must be included in the descriptive eae has great taxonomic and biologic significance (see Text-figs. 6D, 
70) 

37. autozooecial chamber Agiith (CD). —Inside diameter of atemibar in nfongtudinal w view, Pease’ perpendicular to chamber length; 
measured only in longitudinal view (see Text-figs. 6D, 7C) ....... sjatesttiminsarnnterrat tyre 

38. maximum chamber width (MAW).—Measured across the branch; measured in a median Ranpentialt section Raker earallel to ihe 
zoarial obverse surface (see Text-figs. 6C, 7B) : 

39. minimum chamber width (MIW)—Measured across the branch; memstredtt ina acation creential section taken parallel to the zoarial 
obverse surface; used for chambers that are polygonal or ovate-truncate in this view, but excludes those that are triangular, square, 
or rectangular (see Text-figs. 6C, 7B) 

40. vestibule depth (VD).—Measured perpendicular to anne of yonrial Gites fom outer sake of erento opening to eehere vestibule 
opens into main chamber; measured in longitudinal section; the most variable of all chamber characters, due to increase in vestibule 
length as the obverse laminated skeletal material thickens (see Text-figs. 6D, 7C) 

41. chamber reverse-wall budding-angle (RA).—Measured at base of chamber, where lateral and reverse walls merge; measurement 
made from distal end of colony, in longitudinal view; represents angle of autozooecial chamber lateral-wall emplacement relative 
to direction of branch growth (typically an acute angle); has an extremely low coefficient of variation (see Text-figs. 6D, 7C) 

42. chamber lateral-wall budding-angle (LA).—Measured in transverse view, this is the angle between a line perpendicular to the plane 
of the obverse surface and a line from the center of the aperture, through the middle of the chamber toward the reverse wall and 
intersecting with the line perpendicular with the obverse surface (see Text-figs. 6A, 7A) 


Table 8a.—Outlines of species diagnoses and descriptions, and definitions of measurements and terminology (in italics) employed therein. 
Definitions are either absolute or relative; in relative definitions, arrows [-] separate terms that indicate points in continua, Comparators of 
size may be further subdivided by the use of the terms “lower-end,” “mid,” and “upper-end,” to indicate the bottom, middle, and top of the 
range, respectively. Abbreviations of measurements are explained in Table 8b. CV = coefficient of variation. 


Outline of the Diagnosis 
1. Zoarial characters 
A. relative robustness (delicate [fragile, zoaria frequently broken and small] + intermediate (moderate number of large zoaria present, 
resist breakage better than delicate forms] ~ robust [zoaria typically large, highly resistant to breakage]) 
B. mesh spacing (close [WF < WB] = intermediate [WF = WB) + open (WF > WB)) 
C. mesh uniformity (regular or irregular) 
D. secondary zoarial features (e.g., reticulate meshwork and central axis) 
. Branch characters 
A. robustness (delicate [fragile, frequently crushed, thin width and depth] + intermediate (moderate preservation, width and depth inter- 
mediate] + robust [wide, thick, typically well-preserved]) 
width (narrow [<0.30 mm] = intermediate [0.30-0.39 mm] = wide [>0.39 mm)) 
branch thickness (hin [<0.30 mm] + medium [0,30-0.39 mm] = thick [>0.39 mm)) 
. proximodistal trace (e.g., straight, sinuous, broadly curved) 
shape in transverse cross-section (e.g., elliptical, ovate, circular, semicircular, rhombic, polygonal) 
spacing (close [DBC < 2.0 x WB] ~ intermediate [DBC 2.0-2.5 x WB] + wide [DBC > 2.5 x WB)]) 
sh. ieenmente 
A. width (thin [<0.5 x WB] — intermediate [0.5-1.0 x WB] + wide [>1.0 x WB)) 
B. length (short [WF <= WB) — intermediate (WF = WB] — long [WF > WB)) 
C. placement (regular or irregular intervals) 
4. Fenestrule 
A. size (small [length <0.4 mm; width <0.24 mm] + intermediate [length 0.4-0.9 mm; width 0.24-0.34 mm] ~ /arge [length >0.9 mm; 
width >0.34 mm}) 
B. shape (e.g., elliptical, ovate, rectangular, square, circular) 
C. uniformity of shape (regular or variable) 
5. Autozooecial apertures 
A. relative size (small [length <0.09 mm; width <0.07 mm] + intermediate [length 0.09-0.15 mm, width 0.07-0.12 mm] = /arge [length 
>0.15 mm; width >0.12 mm}) 
B. shape (e.g., circular, ovate [includes direction of elongation], elliptical [includes direction of elongation]) 
C. peristomal characters (width, degree of development, and completeness) 
D. position of apertural stylets 
E. number of apertures per fenestrule length 
6. Branch surface ornamentation and features; placement and positioning along obverse and reverse branch surfaces 
A. keel width (narrow [<0.05 mm] + intermediate [0.05-0.15 mm] + wide [>0.15 mm]) 
B. nodes (small [<0.7 mm] — intermediate (0.07-0.12 mm] = large [>0.12 mm)) 


7. Autozooecial chambers 
A. relative size (small [length <0.20 mm; depth <0.10 mm; maximum width <0.10 mm; minimum width <0.07 mm] + intermediate 


{length 0.20-0.48 mm; depth 0.10-0.20 mm; maximum width 0,10-0,15 mm; minimum width 0.07-0.12 mm] ~ /arge [length >0.48 
mm; depth >0.20 mm; maximum width >0.15 mm; minimum width >0.12 mm)]) 


N 


Immo e 


B. emplacement (monoserial, biserial, or in rows at and proximal to sites of branch bifurcation) 

C. chamber outline 
1. near reverse wall (triangular, rectangular, square, ovate, elliptical, circular, parallelogram-shaped, or diamond-shaped) 
2. at mid chamber (triangular, rectangular, square, ovate, elliptical, circular, parallelogram-shaped, or diamond-shaped) 
3. near obverse surface (triangular, rectangular, square, ovate, elliptical, circular, parallelogram-shaped, diamond-shaped, or bilobate) 

D. orientation of elongation 

E. location of aperture relative to chamber 

F. relative size of vestibules (if present) 

G. degree of development of superior and/or inferior hemisepta (if present) 

H. mean lateral-wall budding-angle (constant [CV < 10] or variable [CV > 10]) 

I. mean reverse-wall budding-angle (constant [CV < 10] or variable [CV > 10)) 

J. heterozooecia (if present, type and location on branch) 
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ABSTRACT 


Fenestellid and polyporid Bryozoa of the lower Middle Mississippian Warsaw Formation of the Mississippi River outcrop 
belt are represented by nine genera of Fenestellidae (three of which are new: Banastella, Cubifenestella, and Apertostella) and 
two genera of Polyporidae. Twenty-two previously described species and fifteen new species are recognized. New species are: 
Laxifenestella coniunctistyla, Laxifenestella maculasimilis, Laxifenestella fluctuata, Minilya sivonella, Minilya paratriserialis, 
Banastella guensburgi, Banastella mediocreforma, Banastella delicata, Cubifenestella usitata, Cubifenestella globodensata, Aper- 
tostella foramenmajor, Apertostella crassata, Apertostella venusta, Hemitrypa aprilae, and Archimedes valmeyeri. 

Exterior and interior analyses of bryozoan zoaria are employed in the classification of meshwork fenestrate Bryozoa, separating 
zoarial and zooecial features and emphasizing three-dimensional form, chamber size, and accessory features. The format presented 
in this study is designed to be employed as a thorough outline for classification. 

Change of meshwork fenestrate species composition within the Warsaw from north to south within the study area could have 
been caused by environment or evolution; however, a significant change in faunal composition is evident. 

Employing modern cheilostomes as analogues, possible niche differentiation of meshwork fenestrates is established for the 
Warsaw. Chamber volume, lophophore diameter, mouth diameter, interpreted maximum zooid clearance rate, tentacle number, 
and tentacle length are criteria used to infer fenestrate niche partitioning. These criteria, in conjunction with food particle size 
and efficiency of the feeding organ (lophophore), appear to be dominant factors governing niche partitioning within the meshwork 


fenestrates. 
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INTRODUCTION 


General statement of investigation.—The primary 
goals of this study are twofold: (1) modernization of 
taxonomy of fenestrate Bryozoa; and (2) paleoecologic 
analyses based on the new taxonomy, resulting in func- 
tional morphologic interpretations for the fenestrates. 

The Warsaw Formation (upper Osagean of U.S. 
Geological Survey terminology, or middle Valmeyeran 
of Illinois Geological Survey terminology) of the upper 
Mississippi Valley was selected for study because of 
its abundant, taxonomically diverse, well-preserved 
bryozoan fauna. Further, the Carboniferous represents 
the peak of fenestrate diversification at both the species 
and genus levels. The Warsaw is geographically wide- 
spread, flat-lying, and locally moderately well-exposed, 
and is part of the Mississippian stratotype. Litholog- 
ically, the Warsaw is composed of sequences of alter- 
nating argillaecous shale, calcareous shale, and bio- 
calcarenite, some of which have been dolomitized and 
contain quartz and calcite geodes. This study was re- 
stricted to outcrops. 

Fenestrate species concepts to date have been vague, 
even among species thought to be common. Varying 
emphasis on exterior or interior analyses, and primary 
reliance on two-dimensional tangential sections have 
led to a proliferation of unrecognizable species. Estab- 
lishment herein of an outlined systematic approach to 
species delimitation clarifies taxon recognition, pro- 
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vides a comprehensive basis for generic groupings, and 
yields a taxonomic basis that can be applied to other 
faunas. 

Although fenestrate bryozoans are a major compo- 
nent of the Warsaw fauna, the most recent taxonomic 
study of this unit is that of Ulrich (1890). Advances 
in fenestellid taxonomy (Termier and Termier, 1971; 
Morozova, 1974; McKinney, 1980) make Warsaw 
bryozoans appropriate subjects for taxonomic revi- 
sion. 

Specific and generic taxonomic assignments are based 
on recent conceptual advances including application 
of three-dimensional autozooecial chamber and zoar- 
ial reconstructions, study of populations, and employ- 
ment of statistical analyses. Whether studies are bio- 
stratigraphic, paleoecologic, taphonomic, or 
evolutionary, their strengths and/or weaknesses are 
largely dependent on taxonomy. Conclusions of any 
nature using species defined on haphazard systematics 
or weak taxonomic concepts can be more misleading 
than useful. 

Use of taxonomic data in conjunction with strati- 
graphic and sedimentologic data provides the basis for 
functional morphologic and paleoecologic interpreta- 
tions of trophic structuring, niche differentiation, and 
faunal succession. 

Location and extent of field area.—The Warsaw shale 
outcrop belt includes the Illinois and Mississippi River 
valleys extending from Nauvoo, Illinois in the north 
to Valmeyer, Illinois in the south, and as far northeast 
as Beardstown, Illinois along the Illinois River. The 
area also extends into eastern Iowa and Missouri (Text- 
fig. 1). Dimensions of the major part of the area are 
approximately 220 mi (352 km) in a north-south di- 
rection and from approximately 40 mi (64 km) to 85 
mi(136 km) in the east-west direction. The one studied 
outcrop in Howard County, Missouri lies 120 mi (195 
km) west of the main outcrop belt. In total, outcrops 
at 49 localities were examined and are described in 
Appendix A. Twenty-three localities were examined in 
detail and used for biostratigraphic and paleoenviron- 
mental determinations. Stratigraphic columns and 
range charts for these 23 sections are presented in Ap- 
pendix B. Other localities were used as data checks. 

Because of low resistance to weathering, Warsaw 
outcrops are relatively poor. Throughout the area, to- 
pography is of low relief, and strata are overlain by 
Pleistocene till, thick soil profiles, and dense vegeta- 
tion. Roadcuts and quarries usually provide the best- 
preserved material, as weathering and presence of li- 
chen and mosses commonly obscure rock surfaces in 
stream valleys and along river cuts. 

Field and laboratory methods.— Approximately six 
months were spent in measuring, describing, and sam- 
pling 49 stratigraphic sections during the summers of 
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Text-figure 1.—Warsaw Formation sample localities. 
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1977 through 1980. McKee and Weir’s (1953) classi- 
fication was used for recording bedding thickness; car- 
bonate classification is after Carozzi (1972). Lithologic 
samples totalling over 4,500 Ibs (approx. 2,000 kg) and 
consisting of both fossiliferous and unfossiliferous slabs 
were collected and returned to the laboratory. Ap- 
proximately 200 thin-sections, supplemented by nu- 
merous acetate peels, were made from samples rep- 
resentative of the different facies present in the Warsaw. 
Polished slabs were prepared for the study of sedi- 
mentary features and textural analysis. Stratigraphic 
columns and lithologic descriptions were prepared for 
23 of these measured sections; these were also analyzed 
for species distribution. The remaining localities pro- 
vided stratigraphic control and are described briefly in 
the locality register (Appendix A). 

Both exterior and interior analyses of fenestrate bry- 
ozoans are necessary, requiring extensive preparation. 
Shale samples and limestone surfaces were sieved and 
washed, respectively, to expose external zoarial sur- 
faces. Zoaria were soaked in hot water and then placed 
in an ultrasonic bath for one to five minutes, depending 
on robustness of colonies, to remove surface debris. 
Internal bryozoan analyses are based solely on acetate 
peels. Peel preparation follows the procedures of 
Boardman and Utgaard (1964) and Nye, Dean, and 
Hinds (1972). Acetate peels are superior to thin-sec- 
tions for description of skeletal structures because: (1) 
skeletal microstructure is shown in greater detail, as 
peels possess minimum relief, approaching a two-di- 
mensional surface, whereas thin-sections are three di- 
mensional slabs whose thickness frequently obscures 
many details; (2) many peels may be made of each 
zoarium, showing different orientations necessary for 
three-dimensional reconstruction; (3) serial peels can 
be taken at short intervals permitting three-dimen- 
sional reconstruction; (4) multiple peels of any surface 
can be made, providing duplicates for distribution to 
other workers; (5) plug surfaces from which peels are 
made can be studied with the Scanning Electron Mi- 
croscope (SEM); (6) plug surfaces can more readily be 
reground to obtain the correct orientation, whereas 
thin-sections typically allow only one attempt at ori- 
entation; and (7) peel preparation is much more rapid. 
Subsequent to exterior analysis, specimens were em- 
bedded in epoxy (Epotuf two-part resin and hardener 
with a mixture of 4.5 parts resin to | part harderer, by 
weight). Between 40 and 50 ml of propylene oxide were 
added to every 200 ml of mixed epoxy to thin the 
mixture for embedding. Specimens were placed in ep- 
oxy and vacuum-pumped to enhance epoxy penetra- 
tion. Once the specimens were cut, 250- and 600-grit 
papers were used for grinding; the use of paper-backed 
abrasives minimized grit adherence. A final buffing on 
well-worn 600-grit paper helped prepare the plug sur- 
face for polishing. 


Mirror-like polish was achieved with Buehler’s mi- 
crocloth and a slurry of 0.05 um tin oxide polishing 
compound mixed with liquid detergent (Palmolive®), 
on a variable-speed polishing wheel. Best etch was at- 
tained by gentle agitation of polished specimens in 
dilute (0.5% to 1.0% by volume) formic acid for four 
to six seconds. Formic acid yields greater contrast peels 
than do hydrochloric or acetic acids. Short etching times 
were used for orientations illustrating closely packed 
laminae, such as transverse and shallow tangential ori- 
entations; longer etching times were necessary for ori- 
entations containing more granular calcite and greater 
spacing between laminae, particularly in longitudinal 
and deeper tangential sections. Some surfaces used for 
peels were then washed with acetone and gold-plated 
for SEM study. 

High-contrast Kodak® D-19 developer was used for 
all film. Contact prints were made using AZO® 3 and 
4 and 4x5 format negatives; 35 mm negatives were 
enlarged and printed on Kodabromide® 3 and 4. All 
steps of developing and printing were done in such a 
way as to enhance contrast in the final prints. 


MISSISSIPPIAN STRATIGRAPHY 
AND STRUCTURAL GEOLOGY 
OF THE UPPER MISSISSIPPI VALLEY 


Regional geologic setting. — During most of the Mis- 
sissippian, the Illinois Basin (Eastern Interior Basin) 
slowly subsided along a north-south trend. The Trans- 
continental Arch and Mississippi River Arch to the 
west, the Wisconsin Arch to the north, the Cincinnati 
Arch-Nashville Dome trend to the east, and the Ozark 
Dome in the southwest could have contributed to the 
large amount of detrital material accumulated in the 
basin (Potter and Pryor, 1961; Walker, 1962). All these 
areas either were slightly positive or exposed during 
the Valmeyeran (Walker, 1962), as indicated by ero- 
sion of materials from them. Clastic sediments came 
predominantly from the delta-distributary system of 
the Michigan River, feeding into the Illinois Basin from 
the northeast during middle to late Valmeyeran time 
(Atherton and Palmer, 1979). Little material was in- 
troduced, but much autochthonous carbonate was pro- 
vided by the indigenous fauna and flora. Bed thickness, 
cross-bedding, and the nature of facies distribution 
suggest a northwest-southeast shoreline trend (Ath- 
erton and Palmer, 1979). 

In the early Valmeyeran (Osagean), sediment yield 
from the northeast greatly decreased, leaving the IIli- 
nois Basin relatively starved (Atherton and Palmer, 
1979). During this time the widespread Burlington 
Limestone, a clean crinoidal biocalcarenite, was de- 
posited. This unit represents a broad carbonate shelf 
throughout the Mississippian stratotype area (Atherton 
and Palmer, 1979). By middle Valmeyeran, the Borden 
Delta resulted in the resumption of supply of clastic 
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Table 1.—Summary of stratigraphic nomenclature used for the Middle Mississippian of Illinois. The leftmost column indicates the usage 


followed in this paper. 
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sediments from the northeast (Atherton and Palmer, 
1979). Fine-grained clastics brought in by the Michigan 
River system began accumulating on the carbonate 
shelf to the west, resulting in shale in the Keokuk Lime- 
stone, which conformably overlies the Burlington 
Limestone. The carbonate shelf was covered finally by 
the clays and silts of the Warsaw Formation. 
Valmeyeran Series (Osage-Meramec Series).—The 
U. S. Geological Survey (U.S. G. S.) and Illinois State 
Geological Survey (I. S.G.S.) employ different ter- 
minology for units lying between the Kinderhookian 
and Chesterian series. The U.S. G.S., the Missouri 
Geological Survey, and others use Osage Series to in- 
clude rocks from the top of the Chouteau Limestone 
and Hannibal Shale through either the Keokuk Lime- 
stone (Ulrich, 1904; Van Tuyl, 1925; Weller ef al., 
1948; Harris and Parker, 1964) or through and in- 
cluding the Warsaw Shale (Branner, 1888; Weller, 1914; 
Moore, 1933; Weller and Sutton, 1940; Laudon, 1948). 
The Meramec Series as so defined extends from the 
top of the Osage Series to the Renault Formation. The 
I. S.G. S. combines the two into the Va/meyeran Se- 
ries (Weller and Sutton, 1940) with its stratotype in 
Dennis Hollow at Valmeyer in Monroe County, Illi- 
nois. Table 1 provides a summary of differences in 
stratigraphic classification. The Osage—-Meramec Series 
are combined by the I. S. G. S. because of the difficulty 
in consistently delineating a boundary between the two 
series (Pryor and Sable, 1974). The boundary is not 
marked by a physical break (Weller and Sutton, 1940; 
Wanless, 1957; Baxter, 1972) and disagreement exists 
on the ages of fauna in the Warsaw and its supposed 
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lateral equivalent, the Harrodsburg Formation (Pryor 
and Sable, 1974). 

Continuous accumulation of sediment without ev- 
idence of a physical break in deposition could be a 
positive factor in recognizing a stratigraphic division 
between the Osage and Meramec Series at the Keokuk— 
Warsaw lithologic boundary, as the change in fauna 
used for biostratigraphic interpretation would be based 
on evolution, not on lack of depositional continuity. 
Complex facies and environmental factors resulting in 
interfingering of Keokuk-type material with the lower 
Warsaw lithologies, and Warsaw lithologies in the 
overlying Sonora and Salem lithologies provide no ev- 
idence of widespread lithologic unconformities in this 
stratigraphic interval, thus affirming continuity of de- 
position. Conclusions on the placement of this bound- 
ary based on lithostratigraphic and bryozoan biostrati- 
graphic interpretations are presented on p. 156. 

Middle Valmeyeran (Mississippian) formations.— 
Middle Valmeyeran lithostratigraphic units relevant to 
this investigation include the Keokuk Limestone, War- 
saw Shale, Sonora Formation, Ullin Limestone, Salem 
Limestone, and St. Louis Limestone (see Appendix B 
and Text-fig. 2). 

Keokuk Limestone: The Keokuk Limestone (Owen, 
1852; Hall, 1857a; Van Tuyl, 1925) is 70 ft (21.3 m) 
of cherty biocalcarenitic limestone with shaly partings. 
The type section is along Soap Creek at Keokuk, Lee 
County, Iowa. The Keokuk ranges from 60 to 80 ft 
(18.3 to 24.4 m) thick throughout the study area, and 
conformably overlies the Burlington Formation. The 
lower 30 ft (9.1 m) of the Keokuk near the type section 
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is differentiated as the Montrose Chert Member (Keyes, 
1895; Collinson, 1964) by its abundant chert. The Keo- 
kuk above this member consists of crinoidal, bryozoan, 
and brachiopod-rich biocalcarenite locally interbed- 
ded with fine-grained limestone, argillaceous dolomite, 
and calcareous medium- to dark-gray shale. South of 
St. Louis, the upper Keokuk consists of a thick oolitic 
lithology, termed the Short Creek Oolite Member of 
the Keokuk. The Keokuk—Warsaw contact is grada- 
tional, with a gradual upward increase in number and 
thickness of shale beds. The boundaries of the Keokuk 
Formation coincide with those of the Gnathodus tex- 
anus—Taphrognathus conodont Zone of Collinson, 
Scott, and Rexroad (1962). The brachiopod species 
Spirifer logani Hall, 1858, Dictyoclostus crawfordsvil- 
lensis (Hall, 1858), Orthotetes keokuk (Weller, 1914), 
and Rotaia subtrigona (Meek and Worthen, 1860) are 
confined to the Keokuk (Weller and Sutton, 1940). The 
first occurrences of several bryozoan genera, including 
Worthenopora Ulrich, 1890, Cyclopora Prout, 1858a, 
Cycloporella Ulrich, 1890, and Proutella Ulrich, 1890 
are in the Keokuk. The Keokuk is conformably over- 
lain by the Warsaw wherever the contact is exposed. 

Warsaw Formation: The Warsaw Formation was 
named by Hall (1857a) for an exposure of approxi- 
mately 50 ft (15.1 m) ofshale lying between the Keokuk 
Limestone and the St. Louis Limestone in Geode Glen 
at Warsaw, Hancock County, Illinois. This section sub- 
sequently was designated the type section by Collinson 
(1964). Geode beds originally included in the upper 
Keokuk were reassigned to the basal Warsaw by Butts 
(1915) and Van Tuyl (1925). The areal extent of the 
Warsaw in southern Iowa, eastern Missouri, and west- 
ern Illinois was also presented by these authors. Due 
to the accessible outcrops and abundant fauna of the 
Warsaw, the unit was intensively studied by many early 
stratigraphers and paleontologists of the Mississippi 
Valley region, including Ulrich (1890), Weller (1914; 
1926), Worthen (1870), Worthen, Shaw, and Meek 
(1873), and Gordon (1895). Much of their stratigraphic 
work and many of their faunal descriptions are accu- 
rate and complete. 

As defined, the Warsaw was considered equivalent 
to the Harrodsburg Limestone of Harrodsburg, Indi- 
ana (Butts, 1915). This led to abandonment of the 
name Harrodsburg because Warsaw had priority (Butts, 
1915; Cumings, 1922). In Indiana, the base of the War- 
saw was placed at the top of the Holtsclaw Sandstone. 
Three members were included in the Warsaw of In- 
diana and Kentucky. These are, in ascending order, 
the Wildie Sandstone, the Somerset Shale, and the Gar- 
ret Mill Sandstone. Weller (1934) proposed restoration 
of the name Harrodsburg as it was originally used in 
Indiana and Kentucky, restricting the Warsaw For- 
mation to its earlier status: all beds between the Keo- 


kuk and St. Louis limestones. Weller also suggested 
dividing the Warsaw into members in the type area, 
where such divisions seem applicable. 

In a faunal study of the Keokuk, Warsaw, and Salem 
formations, Laudon (1948) found that of the 30 in- 
vertebrate species recovered, the Keokuk and Warsaw 
had 27 incommon. The Warsaw and Salem were found 
to have very limited faunal similarity. In Laudon’s 
investigation, the Salem, which had been removed from 
the upper Warsaw by Weller (1908), was once again 
recognized as a member of the Warsaw. Collinson 
(1964) redesignated the type section, preferring Well- 
er’s arrangement to that of Laudon. It is the type sec- 
tion as described by Collinson that is generally used 
in modern studies (Atherton and Palmer, 1979). 

Parts of the Sonora Formation and Salem Lime- 
stone, once assumed to be younger than the Warsaw 
Formation, were found in this study to be equivalent 
in age, as indicated by bryozoan bioclasts. Several 
stratigraphic sections analyzed contain interbeds of both 
Sonora and Salem lithology within the middle and 
upper Warsaw, respectively. Sand Branch (loc. 15) con- 
tains upper Warsaw overlying the Salem, McKee Creek 
(loc. 21) contains upper Warsaw overlying the Salem, 
Versailles West (loc. 22) has interbeds of Salem (So- 
nora of Collinson, 1964) and Warsaw lithology, and 
Lacy Keosauqua (loc. 3) has beds of Warsaw lithology 
in the Sonora. 

Collinson, Scott, and Rexroad (1962) and Rexroad 
and Collinson (1965) studied conodonts of the Keo- 
kuk, Warsaw, Salem, and St. Louis formations. They 
assigned the Warsaw, Salem, and lower St. Louis for- 
mations to the Taphrognathus varians— Apatognathus 
Zone. This zone is equivalent to the lower half of the 
Taphrognathus varians—Cavusgnathus—Apatognathus 
Zone of Rhodes, Austin, and Druce (1969), and the 
entire Cavusgnathus unicornis—Apatognathus Zone. 
Wills (1971) found the Sonora assignable to the Taph- 
rognathus varians—Apatognathus Zone as defined by 
Collinson, Scott, and Rexroad (1962). Previous diffi- 
culties in separating the Warsaw, Salem, Sonora, and 
St. Louis formations support these conclusions. 

The boundary between the Warsaw and Keokuk in 
the stratotype area has been a point of dispute among 
authors because of the variability in lithology and fau- 
nal content of the lower Warsaw. Some sections of the 
Warsaw consist of 25 to 45 ft (7.7 to 13.9 m) of un- 
fossiliferous to scarcely fossiliferous gray to brownish- 
gray, fine-grained, geodiferous dolostone, with in- 
creased amounts of argillaceous shale toward the top. 
Other sections, some located within a mile of the first, 
show a similar thickness of highly fossiliferous cherty 
biocalcarenite lenses interspersed in fossiliferous shale, 
with no sign of dolomitization or presence of geodes. 

The upper Warsaw is more uniform throughout the 


area, consisting of from 20 to 32 ft (6.1 to 9.8 m) of 
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locally highly fossiliferous bluish-gray shale interbed- 
ded with fossiliferous silty and dolomitic biocalcar- 
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enite. A general increase in clay particle size is observed 
up section (Wills, 1971). The total thickness of the 
Warsaw is as much as 300 ft (92.3 m), consisting mostly 
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Text-figure 2.—Typical stratigraphic sections for the northern and southern portions of the study area. 
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of siltstone in west-central Illinois, and thins to less 
than 100 ft (30.7 m) in the outcrop area, where it 
consists of mostly shale and argillaceous biocalcaren- 
ite, with a small silty component near the top of some 
sections. 

Lineback (1966), relying almost exclusively on drill 
cuttings and core and electric log data, analyzed War- 
saw and younger Mississippian strata from their west- 
ern edge into the Illinois Basin. Where the Keokuk and 
Burlington formations pinch out eastward, Lineback 
described the Warsaw as being separated from the Bor- 
den Siltstone by a vertical cutoff. The Bilyeu Member 
of the Borden Siltstone extends westward into the War- 
saw Formation, thereby becoming a member shared 
by both formations (Lineback, 1966). The Warsaw 
Formation was thus most probably deposited coevally 
with the upper part of the Borden Siltstone. 

The Warsaw is typically conformably overlain by 
the Sonora, Salem, Ullin, or St. Louis formations, al- 
though local unconformities between the Warsaw and 
overlying units are observed in some exposures. 

Sonora Formation: Keyes (1895) named the Sonora 
Formation for approximately 20 ft (6.1 m) of cross- 
bedded dolomite to dolomitic sandstone in the Sonora 
Quarry, 5 mi (7.5 km) north of Nauvoo, Illinois. The 
Sonora varies Over a spectrum from arenaceous or ar- 
gillaceous dolomite through fine-grained dolomitic 
sandstone to greenish-gray sandy shale. Dolomitiza- 
tion tends to increase downward, and appears to be 
associated with grain size (Wills, 1971). Much of the 
Sonora is formed of dolomitized fenestellid debris. 
Conodonts (Collinson, Scott, and Rexroad, 1962) and 
the few megafossils (Wills, 1971) indicate equivalent 
age with the Warsaw and Salem; the Sonora grades 
laterally into these units (Collinson, 1964). The Sonora 
is overlain by both the St. Louis and Salem formations. 
Contact between the Sonora and Salem is conformable; 
between the Sonora and St. Louis, it is either conform- 
able or erosional, with the St. Louis in the latter case 
being highly brecciated. 

The unit crops out mainly in Adams and Hancock 
counties in Illinois and in the southeast corner of Iowa, 
and occurs in the subsurface of much of west-central 
Illinois. Weller (1908) designated the 8 ft (2.3 m) of 
cross-bedded limestone below the St. Louis Limestone 
as the Salem Limestone, and Van Tuyl (1925) assigned 
the name Belfast to arenaceous dolomite exposed south 
of Belfast, lowa. Both of these units are equivalent to 
the Sonora Formation. Collinson (1964) resurrected 
the name Sonora Sandstone sensu Keyes, 1895. 

Ullin Limestone: Lineback (1966) proposed the name 
Ullin Limestone for a unit composed of up to 800 ft 
(246.1 m) of light-colored, fine- to coarse-grained bio- 
calcarenite. The type section was compiled from three 
exposures near Ullin, Pulaski County, Illinois. The Ul- 


lin Limestone, sensu Lineback, is a combination of two 
previously named formations: the upper Harrodsburg 
Limestone (Hopkins and Siebenthal, 1897; Stockdale, 
1939) and the lower Ramp Creek Limestone (Stock- 
dale, 1929). The units are lithologically distinct, the 
former composed ofa light-colored coarse-grained bio- 
calcarenite and the latter consisting of cherty, argilla- 
ceous biocalcarenite that contains glauconite in some 
horizons. Lineback combined these units because he 
could not differentiate them in about one-third of the 
Ullin area of occurrence (e.g., Hamilton County, and 
on the crest of the Borden Delta). Lineback considered 
the Ullin Limestone a deep-water deposit, filling around 
the slopes of the Borden Delta and the deep-water 
tongue of the Fort Payne Formation. The Ullin Lime- 
stone overlies the Fort Payne Formation (or the Cho- 
teau Formation where the Fort Payne does not occur), 
or the Borden, Springville, or Warsaw formations, and 
underlies the Salem Limestone (Lineback, 1966). In 
western Illinois, the Ullin laterally grades into the War- 
saw Formation. 

Salem Limestone: The Salem Limestone was named 
by Cumings (1901) for Salem, Washington County, 
Indiana, near which it is quarried extensively for build- 
ing stone. The names Spergen Hill or Spergen were 
also applied to this limestone in some later works. Hall 
(1864) includes the western Illinois bluffs and the In- 
diana localities in his work on the fauna of this unit. 
A maximum thickness for the Salem of over 500 ft 
(153.8 m) is attained in southeastern Illinois, with gen- 
eral thinning to the north. In the area of this investi- 
gation, the Salem ranges from 100 ft (30.7 m) in the 
south to a few feet thick in the north. At the Warsaw 
type section in Geode Glen, the Salem is about 5 ft 
(1.5 m) thick, and consists of cross-bedded brown, 
weathered biocalcarenite that laterally grades into cal- 
careous sandstone. Equivalent material in southeast- 
ern Iowa consists of cross-bedded to massive biocal- 
carenite, dolomite, and fine-grained sandstone. In 
southern Illinois, the Salem is more uniform, coarsely 
crystalline, and may have an oolitic, biocalcarenitic 
composition. The varied nature of Salem facies along 
the entire extent of its northern exposure may relate 
to the shallow Salem depositional environment in this 
area. The presence of evaporites (anhydrite and gyp- 
sum) and sandstone tends to support this conclusion. 
The more uniform lithology of the Salem of southern 
Illinois is probably associated with deep-water depo- 
sition. 

Baxter (1960) subdivided the Salem Limestone into 
four members. They include, from the basal to the 
uppermost, the Kidd Member, the Fults Member, the 
Chalfin Member, and the Rocher Member. Criteria on 
which these divisions are based are subtle, using bed 
thickness and slight differences in lithology. In the 
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northern outcrop, the Salem lies on either the Sonora 
Formation or the Warsaw Formation, whereas in the 
south the Salem overlies the Ullin Formation. Fairly 
abundant crinoids, bryozoans, and forminifera (par- 
ticularly species of Endothyra Phillips, 1841) are pre- 
dominant faunal components in the Salem. The St. 
Louis Limestone lies on top of the Salem. 

St. Louis Limestone: The St. Louis Limestone was 
named by Engelmann (1847) for about 200 ft (61.2 m) 
of predominantly micritic or lithographic, fine-grained, 
cherty calcilutite exposed at St. Louis, Missouri. Lith- 
ologic variability is evident in the St. Louis, with rock 
types ranging from coarsely crystalline calcarenites to 
evaporites. The unit is exposed in the Mississippi and 
Illinois River valleys. Its maximum thickness is 500 
ft (153.8 m) in southeastern Illinois, at the maximum 
depth of the Illinois Basin. In western Illinois, near 
Keokuk and Quincy, the St. Louis hes on either the 
Warsaw or the Sonora. The St. Louis generally overlies 
the Salem in southern Illinois, and underlies the Ste. 
Genevieve Limestone. The contact between the St. 
Louis and underlying units is typically conformable, 
although there is local evidence of an unconformity 
where collapse breccias are found. 

Structural setting.—The study area lies on the west- 
ern edge of the Illinois Basin. This basin possesses a 
NNW to SSE trend, and is egg-shaped in outline, hav- 
ing its more elongate end in Kentucky and Tennessee 
and its eastern edge in Indiana (Willman ef al., 1975). 
Downwarping of the Illinois Basin appears to have 
begun in Cambrian time and continued throughout 
most of the Paleozoic (Willman et al., 1975). Seas ad- 
vanced from the south and at times from the west, 
inundating the area intermittently until the late Penn- 
sylvanian. Outcrops are typically associated with sub- 
tle structures within the Illinois Basin. 

The northern half of the area, extending from Ben- 
tonsport, Iowa in the north to White Hall, Illinois in 
the south, is on the southern edge of the Mississippi 
Arch, a tectonically positive area separating the Illinois 
Basin and the Forest City Basin. Strata dip gently east- 
ward, away from the Mississippi Arch and into the 
Illinois Basin. A secondary structural feature, named 
the Sangamon Arch (Whiting and Stevenson, 1965), 
probably corresponds with upwarping in this area. 
Movement began in the Late Silurian and lasted 
throughout the Devonian and Early Mississippian, as 
suggested by truncation of units at the edge of the 
Sangamon Arch and thinning of isopachs over this 
positive structure. Locations and trends of major struc- 
tural features are thoroughly illustrated and described 
in Treworgy (1981). 

The Warsaw Dome or Anticline, described by Bell 
(1932), is located approximately 3 mi NE of Warsaw, 
Illinois. Similar small anticlinal structures also occur 


in Brown, McDonough, Pike, and Greene counties. 
These structures include the Payson, Fishhook, Pitts- 
field, Drake—White Hall, Carrollton (a set of three: 
northern, middle, and southern), and Versailles anti- 
clines. The Warsaw, Versailles, Drake—White Hall, and 
Carrollton anticlines are all associated with outcrops 
of Warsaw strata. 

The southern half of the area, running from southern 
Calhoun County on the north to Valmeyer, Illinois in 
the south, shows much greater structural complexity. 
The Lincoln Fold extends through parts of Madison 
County, the southern edge of Jersey County, and across 
Calhoun County. This broad anticline trends north- 
westward, paralleling the Mississippi River, and ex- 
tends through Missouri almost to the Iowa border. 
Initiation of the fold is associated with regional tilting 
away from the Ozark Uplift, starting during the Or- 
dovician but not developing asa highly positive feature 
until the latest Devonian or Early Mississippian (Rub- 
ey, 1952). Final emergence occurred during or after the 
Late Pennsylvanian, contemporaneous with the Ap- 
palachian Revolution (McQueen, Hinchey, and Aid, 
1941). The Cap au Gres Faulted Flexure occurs on the 
southern limb of this anticline. It is a narrow belt of 
strata that exhibits a southward dip, which locally ap- 
proaches vertical and which 1s intersected by numerous 
discontinuous vertical faults. This flexure trends east- 
southeast, extends through Lincoln County, Missouri 
and parts of Calhoun, Jersey, and Madison counties 
in Illinois, and apparently terminates between Grafton 
and Alton, Illinois. 

The Cap au Gres Faulted Flexure developed as the 
structural transition between the Lincoln Fold to the 
north and the Troy—Brussels Syncline to the south 
(Rubey, 1952). Beds dip gradually northward at low 
angles from the Ozark Dome in the extreme south of 
this flexure. North of the Lincoln Anticline and Cap 
au Gres Faulted Flexure, beds rise at shallow dips to- 
ward the Mississippi Arch, although in some areas this 
rise is interrupted by a series of minor folds (Rubey, 
1952). Deformation of the flexure occurred during the 
Late Mississippian or Early Pennsylvanian, as evi- 
denced by the steep folding of the St. Louis Limestone 
(Valmeyeran) and the overlapping of this structure by 
the Spoon Formation (Desmoinesian). 

Associated with this flexure and the Lincoln Fold 
are numerous synclinal structures, some small but oth- 
ers attaining substantial size. These include (from north 
to south) the Hardin, Gilead, Kritesville, Otter Creek, 
Meepen, and Troy—Brussels synclines. The Nutwood, 
Deer Lick and Beltrees—Melville anticlines also occur 
in this area. 

Outcrops of the Warsaw are associated frequently 
with some of these structural features, including the 
Cap au Gres Faulted Flexure, the Otter Creek Syncline, 
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the Beltrees—Melville Anticline, the Waterloo—Dupo 
Anticline, and the Valmeyer Anticline. Extension of 
the Cap au Gres Faulted Flexure into Missouri results 
in good exposures of Warsaw strata near Troy, Mis- 
sourl. 

The Waterloo—Dupo Anticline and associated Co- 
lumbia Syncline, both located in Monroe and St. Clair 
counties, expose the Salem Limestone and upper War- 
saw Formation along the Mississippi River bluff. Cole 
(1961), using geologic and geophysical evidence, sug- 
gested this anticline is an extension of the Lincoln Fold. 
In his structural model, the Cap au Gres Faulted Flex- 
ure 1s a left-lateral fault that offset the Waterloo-Dupo 
Anticline from the Lincoln Fold by a distance of ap- 
proximately 30 mi (48 km). This contradicts Rubey’s 
work, in which it was concluded that the Cap au Gres 
Faulted Flexure is primarily a fold and only subordi- 
nately faulted. The west sides of both the Lincoln Fold 
and Waterloo—Dupo Anticline show their steepest 
flanks. This and their overall similar shapes tend to 
support Cole’s interpretation. 

Farther south, in Monroe County, the Valmeyer An- 
ticline and associated Monroe City Syncline expose 
most of the Valmeyeran Series in Dennis Hollow, near 
Valmeyer, Illinois and along the bluffs of the Missis- 
sippi River. 


TAXONOMY OF MESHWORK FENESTRATE 
BRYOZOA 


GENERAL TAXONOMIC DIVISIONS 
OF THE BRYOZOA 


This paper deals taxonomically with members of one 
suborder of the classic Order Cryptostomata Vine, 
1884, the Fenestelloidea Astrova and Morozova, 1956. 
The other two suborders of cryptostomes, the Rhab- 
domesoidea Astrova and Morozova, 1956, and Ptil- 
odictyoidea Astrova and Morozova, 1956, are not cov- 
ered. 

McNair (1937) divided the cryptostomes into three 
morphologic groupings: fan-shaped and pinnate uni- 
laminate forms, dendroid forms, and bifoliate forms. 
He stressed these were neither taxonomic nor phylo- 
genetic groupings. Astrova and Morozova (1956) used 
these divisions to establish three suborders: the Fe- 
nestelloidea, Rhabdomesoidea, and Ptilodictyoidea. 
Elias and Condra (1957) removed the fenestrates com- 
pletely from the cryptostomes, making them a separate 
order. Their primary argument was an inferred ho- 
mology between the unlaminated granular calcite layer 
of the fenestrates (the “‘colonial plexus’’) and the zone 
of budding in modern stenolaemates, the so-called 
“common bud” of Borg (1926). This amounts to a 
return to Vine’s (1884) original concept of Cryptosto- 


mata and away from Ulrich’s (1890) concept. Elias and 
Condra also suggested that the fenestrates were ances- 
tors to the Cheilostomata Busk, 1852, using the loss 
of “colonial plexus” in cheilostomes as the event mark- 
ing the transition between the two groups. Waters (1891) 
concluded that if the fenestrates were ancestral to the 
cheilostomes, a missing link between Paleozoic and 
Cenozoic forms might be evident during Mesozoic, 
possibly in a family such as the Melicerititidae d’Or- 
bigny, 1852. Workers with Mesozoic bryozoan faunas 
(Levinsen, 1925; Marcus, 1924) attempted unsuccess- 
fully to recognize a connection between the fenestrates 
and cryptostomes and the Melicerititidae. Shishova 
(1968) accepted an ordinal ranking for the fenestrates, 
with taxonomic emphasis placed on zooecial shape, 
budding pattern, microstructure, and accessory fea- 
tures such as peristomes, lunaria, and ovicells. 

Shishova (1968) also elevated the rhabdomesoids 
from subordinal (Astrova and Morozova, 1956) to or- 
dinal rank. This left the bifoliates as the only major 
group in the Order Cryptostomata, a concept now high- 
ly altered from those of both Vine (1884) and Ulrich 
(1890). 

Numerous workers have taken exception to the or- 
dinal divisions of the classic cryptostomes. Tavener- 
Smith and Williams (1972), using microstructural skel- 
etal considerations, adhered to Astrova and Morozo- 
va’s subordinal placement. Cuffey (1973), using cluster 
analysis, found the three ‘‘orders” of cryptostomes 
grouped together, away from the Trepostomata Ulrich, 
1882. Based on his work, Cuffey developed a strong 
argument for retention of the classic Cryptostomata. 

In a comprehensive study, Blake (1975) supported 
the subordinal ranking of the fenestrates, rhabdome- 
soids, and ptilodictyoids, basing his interpretations on 
the similarities in skeletal development, budding pat- 
terns, zooecial and zoarial shapes, and overall sym- 
metry between the suborders. His subordinal divisions 
are based on such characters as presence of ovicells in 
fenestellids, vesicles in bifoliates, and metapores in 
rhabdomesoids. 

The taxonomic placement of phylloporinids has been 
somewhat controversial, but strong morphologic sim- 
ilarites suggest apparent close phylogenetic relation- 
ships between the Phylloporinidae Dunaeva and Mo- 
rozova, 1974 and the fenestrates. Ulrich (1890) and 
Shulga-Nesterenko (1960) placed the phylloporinids 
with the Fenestelloidea because of their microstruc- 
ture, whereas Bassler (1953) placed them with trepo- 
stomes, due to their elongate zooecia. Characters phyl- 
loporinids share with the Fenestellidae, reported by 
Ulrich (1890), Shulga-Nesterenko (1960), and Ross 
(1964), were used as strong criteria justifying their tax- 
onomic placement in the Fenestellidae. Blake suggest- 
ed probable derivation of the fenestellids from the 
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phylloporinids, with differences between the two fam- 
ilies being a function of degree rather than of kind. 
Earlier, Dunaeva and Morozova (1974) removed the 
Phylloporinidae from the Fenestelloidea, citing as cri- 
teria the difference in zooecial shapes as well as the 
presence of “specific heterozooids” and the absence of 
ovicells in the phylloporinids. 

In my view, historical considerations [Vine (1884) 
and Ulrich (1890)], phylogenetic affinities [Blake 
(1975)], numerical analyses [Cuffey (1973)], and poly- 
thetic character considerations [Ulrich (1890), Shul- 
ga-Nesterenko (1960), Ross (1964), and Morozova 
(1962)] endorse retention of the classic Cryptostomata 
with the three suborders of Fenestelloidea, Rhabdo- 
mesoidea, and Ptylodictyoidea: I have done so here. 
Such an arrangement stresses shared characters or sim- 
ilarities rather than dissimilarities. Microstructural and/ 
or ultrastructural analyses of both fenestrates and rhab- 
domesoids indicate great similarities between these 
suborders [a view greatly contrasting with that of Con- 
dra and Elias (1944), but concurring with those of Tav- 
ener-Smith and Williams, 1972, and Blake, 1975]. 

King (1849) established the Family Fenestellidae for 
fanlike and pinnate Paleozoic bryozoans, including in 
his family Fenestella [type: F. antiqua Lonsdale, 1839], 
Polypora, and Ptylopora McCoy, 1844, and two new 
genera, Synocladia and Phyllopora. Zittel (1880) erect- 
ed a new family for the pinnate forms, the Acantho- 
cladiidae. Vine (1884) subdivided King’s family Fe- 
nestellidae into three families: the Fenestellidae, 
Polyporidae, and Diploporidae. A similar division was 
made by Waagen and Pichl (1885), who subdivided 
the family Fenestellidae into three subfamilies: Fenes- 
tellinae, Polyporinae, and Goniocladiinae. Ulrich 
(1890, 1893) placed the fenestellids, acanthocladids, 
and polyporids within the cryptostomes [following the 
work of King (1849)], stressing a polythetic classifi- 
cation scheme and pointing out apparent phylogenetic 
relationships among taxa. His extensive work on War- 
saw materials has proven invaluable in this study. Many 
of his taxonomic subdivisions and faunal interpreta- 
tions show remarkable insight when one considers the 
techniques and equipment available at the time. Sub- 
division of the Fenestellidae into three groups was fol- 
lowed in the work of Cumings (1904, 1905), who fur- 
ther investigated the primary stages of colony 
development in Fenestella Lonsdale, 1839, and Poly- 
pora McCoy, 1844. From his studies, Cumings con- 
cluded that these genera should be assigned to different 
families. Vine (1884) established two of the dendroid 
families of cryptostomes: the Rhabdomesontidae (cor- 
rected to Rhabdomesidea by Bassler, 1953) and the 
Hyphasmoporidae. A third dendroid cryptostome 
family, the Arthrostylidae, was proposed by Ulrich 
(1888). 


Overall similarity in symmetry and morphologic 
characters between the fenestellids and rhabdomesoids 
indicates a much closer affinity between these two 
groups than between them, either singularly or jointly, 
and the Trepostomata, Cystoporata, or Cyclostomata. 
Zooecial chambers in these two suborders are relatively 
short, highly symmetrical, and fixed in size and shape 
throughout the zoarium. Short symmetrical zooecia 
result in slender branches and delicate sheets and fans 
characteristic of the cryptostomes, contrasting with the 
commonly much more massive forms of the Treposto- 
mata and Cystoporata. Budding loci for the Crypto- 
stomata are restricted to one- or two-dimensional sur- 
faces (very rarely three dimensions for a few species) 
for members of this order as opposed to the two- and 
predominantly three-dimensional surfaces character- 
istic of the other stenolaemates. Blake (1980) argued 
that the cryptostomes are an evolutionary clade whose 
establishment resulted from evolution of this restricted 
locus, which allowed colonies to grow out rapidly into 
the water column without needing to fill large amounts 
of lateral space, as is observed in the trepostomes and 
cystoporates. Many accessory features are common 
within the suborders of the cryptostomes. Some ac- 
cessory features are also shared with the other orders, 
possibly as a result of homeomorphy, as illustrated by 
Blake in the rhabdomesoids and dendroid trepostomes. 
Such features include stylets, which are contin- 
uous with the internal granular layer that extends 
through the outer lamellar skeleton, both perforate and 
complete terminal diaphragms, and frequent symmet- 
rically placed hemisepta within the zooecial chamber. 
The fenestrates and rhabdomesoids also lack the re- 
generative cycles evident and often common in the 
trepostomes and cystoporates. 

Therefore, based on similarities in morphology, phy- 
logeny, and use of historical considerations, the Order 
Cryptostomata is retained in this study, with Fenes- 
telloidea grouped as a suborder under that order. 


SUMMARY AND CRITIQUE OF PREVIOUS APPROACHES 
TO THE TAXONOMY OF MESHWORK FENESTELLOIDEA 


Fenestrate bryozoans have been studied extensively 
since the mid-nineteenth century (Hall, 1847, 1852, 
1857b, 1883, 1885; King, 1849, 1850; Lonsdale, 1839; 
McCoy, 1844; d’Orbigny, 1848-1852; Owen, 1838, 
1842: Phillips, 1836, 1841; Prout, 1858a, 1858b, 1859, 
1866; Vine, 1880, 1884, 1886). These authors pre- 
sented illustrations and descriptions only of specimen 
exteriors; Ulrich (1888, 1890), Nicholson and Lydek- 
ker (1889) and Poéta (1894) were apparently the first 
to publish thin-sectioned fossil Bryozoa. Ulrich (1890), 
in the most comprehensive work of the above, illus- 
trated numerous views of fenestellids and other bry- 
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ozoans, providing detailed description of microstruc- 
ture. 

Ulrich (1882, 1888, 1890, 1893) made major con- 
tributions to descriptive and laboratory techniques, 
primarily concerning himself with the Silurian (as then 
conceived in North America) and Carboniferous bryo- 
zoan faunas of the Upper Mississippi Valley and sur- 
rounding areas. Ulrich emphasized the need for thin- 
sections as an important aspect of faunal analysis, and 
developed large collections. Many of Ulrich’s remain- 
ing thin-sections are housed today at the U.S. National 
Museum of Natural History (Smithsonian Institution) 
and the Illinois State Museum. He also prepared and 
sold thin-sections to universities; some of these are 
still in collections at various institutions. Ulrich 
mounted his sections on windowpane glass taken from 
wrecked buildings in Washington, DC (Boardman, oral 
commun., 1978). In numerous publications, Ulrich 1l- 
lustrated thin-sections and exteriors, albeit at relatively 
low magnifications. He also recognized two micro- 
structural skeletal components of the fenestrates: the 
granular skeletal layer, which he referred to as “original 
basal or germinal plate’’, and the lamellar skeletal layer 
called ‘‘subsequently added layers of calcareous tissue” 
(Ulrich, 1890, p. 352). He developed a diagnosis ar- 
rangement for the fenestrates that stressed almost all 
features considered important today. These include 
zooecial shapes, presence of a vestibule, presence of a 
well-developed, abruptly arising exozone, and pres- 
ence of hemisepta; zoarial form and maximum zoarial 
length; branch character and nature of bifurcation; dis- 
sepiment character and width; fenestrule shape, in- 
cluding length and width; keel development; nodal de- 
velopment and spacing; aperture shape, positioning on 
branch surface, and relative size; number of apertures 
per fenestrule and spacing along branch; and reverse 
surface characters such as supports, dissepiment ap- 
pearance and presence of longitudinal rows and stylets 
from external analysis. Lack of consideration of intra- 
specific variation is the primary weakness of Ulrich’s 
work from a modern point of view. 

A convention adopted by Ulrich to describe char- 
acters in terms of varying lengths in the proximodistal 
direction of branch growth has been adopted by many 
subsequent workers. These include branch bifurcations 
in | cm, fenestrules in 1 cm, nodes in 2 mm, and 
apertures in 5 mm. Nekhoroshev (1926) and later Con- 
dra and Elias (1944) refer to these characters as mesh- 
work formula (really a listing, rather than an integrated 
formula), whereas Miller (1961a; 1961b) and Termier 
and Termier (1971) use the name micrometric formula. 
The formula applied by these authors dealt with colony 
exteriors, ignoring interior analyses entirely. Use of the 
meshwork formula has been a prime contributing fac- 
tor in the extreme proliferation of species of Fenestella 


Lonsdale, 1839, because new species are based pri- 
marily on small quantitative differences. Thousands of 
species (Morozova, 1974) have been recognized through 
use of the meshwork or micrometric formula. 

Condra and Elias (1944) and Elias and Condra (1957) 
worked with the predominantly Carboniferous genus 
Archimedes Hall, 1858 of the central United States and 
Fenestella from the Permian of West Texas. In their 
work on Archimedes, they dealt primarily with two 
topics: the central axes and means of species recogni- 
tion. Further, they subdivided Archimedes into new 
species based almost exclusively on axial characteris- 
tics, which are primarily environmentally influenced. 
The effect of environmental influence is herein dem- 
onstrated by large coefficients of variation for the axis 
within species (Tables 37—40). Elias and Condra seem- 
ingly ignored mesh and zooecial characteristics in their 
analyses. Their approach to Fenestella resembled 
closely that of Ulrich (1890), and although strongly 
endorsing the use of thin-sections in bryozoan analysis, 
Condra and Elias used relatively few sections in their 
work. Standard meshwork formula measurements were 
applied and ranges were given, but no statistical anal- 
ysis substantiates their data. The number of measure- 
ments made from different colonies was not provided, 
although they did indicate that single specimens were 
available for some species. Elias and Condra illustrated 
tangential and transverse (cross-sectional) interior views 
along with zoarial exteriors. No longitudinal sections 
were employed and, consequently, accurate three-di- 
mensional reconstruction of the autozooecial chamber 
is not possible. 

The meshwork formula, as used commonly and pre- 
sented by Termier and Termier (1971) in their work 
on the upper Paleozoic of Afghanistan, appears as: 


a/b/c/d/e 


where a = range of number of branches in 10 mm; b 
= range of number of fenestrules in 10 mm; ¢ = range 
of number of zooecia across the branch (two in the 
fenestellids [sometimes omitted in the formula]); d = 
range of number of zooecia in 5 mm; and e = range 
of number of nodes in 5 mm. Such a system records 
ranges, without providing a comprehensive system in 
which accepted statistical techniques used in compar- 
ing numerical data can be applied. 

Tavener-Smith (1965, 1966, 1973), working with 
Visean fenestrates from Ireland, rejected the meshwork 
formula because of this lack of statistical credibility. 
Tavener-Smith restricted his work to colony exteriors 
because the fauna in his study area was primarily si- 
licified. He greatly improved methods for analysis of 
fenestrate species by expanding the list of characters 
used and differentiating zooecial from zoarial charac- 
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ters. His criteria include, in outline form: 


A. Zooecial features 
1. inter-apertural distance 
2. branch width 
3. apertural diameter 
4. zooecial chamber shape and size 
B. Zoarial features 
fenestrule length 
fenestrule width 
number of apertures per fenestrule 
internodal distance 
dissepiment width 


Or 


Tavener-Smith emphasized the written description, 
including features such as purported three-dimensional 
shape of the zooecia, aperture distribution at branch 
bifurcations, angle of newly formed branch, fenestrule 
shape, aperture position relative to branch and dissep- 
iment surfaces, apertural features such as peristome, 
branch and dissepiment cross-sections, and reverse- 
wall striae. Even though Tavener-Smith recognized 
problems in species recognition due to secondary 
thickening of exterior lamellar skeleton and other mor- 
phologic changes during ontogeny, he apparently used 
only exteriors in his analyses. Although much of the 
fauna he analyzed was silicified, he did indicate the 
presence of non-altered specimens in his material. Ta- 
vener-Smith’s major contribution was the introduction 
of a rigorous statistical approach, which included the 
range of specimen mean values, sample mean, stan- 
dard deviation, and coefficient of variation for all char- 
acters except apertures per fenestrule — which are ex- 
pressed in the range of specimen modes — and 
distribution of specimen modes. Other authors (Cuf- 
fey, 1967; Bork and Perry, 1967; Horowitz, 1968; An- 
stey and Perry, 1970, 1973) started employing more 
rigorous Statistical analyses in their taxonomic works 
on Bryozoa shortly after Tavener-Smith. 

Possible use of the internal skeleton and associated 
zooecial and zoarial features through thin-section anal- 
ysis was recognized by the late 1800's (e.g., Ulrich, 
1890, 1893). Although aware of the significance of in- 
ternal features for taxonomic interpretation, no sub- 
sequent workers until Nekhoroshev and Nikiforova, 
in the first half of the twentieth century, made extensive 
use of thin-sections for bryozoan taxomomy. Their 
attempt to express variation within a species in nu- 
merical form was an important contribution. Their 
work dealt with Upper Paleozoic bryozoans of the 
U.S. S. R.; Carboniferous bryozoans from the Altai, 
Kuzbass, Kazakhstan, and Turkestan; and Permian 
bryozoans from Bashkiria and Armenia, as well as east- 
ern European materials. Nekhoroshev (1928, 1932, 
1949, 1953, 1956), Nikiforova (1933, 1935, 1938), 
Shulga-Nesterenko (1936, 1941, 1949, 1951, 1952, 


1955), Trizna (1939, 1950, 1958), and Trizna and 
Kautsan (1951) developed bryozoan faunas into useful 
biostratigraphic tools in the U. S. S. R. and surround- 
ing countries. 

Although more comprehensive in format than ear- 
lier works, the Soviet taxonomic approach possesses 
inherent problems stemming from the method of study. 
In Soviet fenestrate taxonomic work, tangential views 
are stressed, along with rare transverse views. Longi- 
tudinal views are essentially absent in Soviet studies 
of fenestrates. Further, there are few descriptions of 
obverse or reverse surface exterior details, which may 
be due to poor preservation of zoaria. Such a taxo- 
nomic approach, although more complete than typical 
studies in the West, allow little or no more accurate 
analysis than is possible from strictly exterior-oriented 
studies. A combination of both interior and exterior 
analyses is necessary to accurately determine taxonom- 
ic affinities and accurately delimit species. This con- 
clusion is dealt with extensively on p. 22. 

Morozova (1962, 1970a, 1970b, 1973, 1974) studied 
fenestrate bryozoans and provided suggestions for ge- 
neric subdivisions of Feneste//a in numerous taxonom- 
ic works. Her work represents the current Soviet ap- 
proach to species within the fenestrates. The eight main 
criteria for differentiation of species of Fenestella used 
by Morozova (1970b) are outlined in Table 2 along 
with the principal measurements taken; these were not 
listed by Morozova, but were compiled by the writer 
from her text. 

Morozova’s approach, although including a greater 
number of measurements of characters, closely resem- 
bles that of Ulrich (1888, 1890). It differs from his 
work in recognizing a need for a more statistical ap- 
proach and the use of zooecial shape in middle tan- 
gential section (referred to as median section by Mo- 
rozova). Zooecial shape plays an important part in 
Morozova’s specific and generic assignments of taxa. 
However, reconstruction of the zooecial chamber and, 
more importantly, three-dimensional chamber shape 
based only on tangential sections, is incomplete and 
misleading. Although this orientation is essential in 
chamber reconstruction, additional views are neces- 
sary, not only to accurately determine chamber shape 
and orientation relative to branch, but also to recognize 
various accessory features, such as inferior and supe- 
rior hemisepta. 

Banastella guensburgi, n. sp. (Text-fig. 3A) and Cub- 
ifenestella usitata, n. sp. (Text-fig. 3B) provide just two 
of many possible examples of how misleading it is to 
attempt to characterize internal anatomy of fenestrates 
based on mid tangential sections alone. Using mid 
tangential sections, as relied upon by Morozova, ex- 
treme similarity in zooecial chamber shape (arrow a) 
and only slight difference in size is evident between the 
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Table 2.—Descriptive criteria for differentiation of species of Fenestella used by Morozova (1970b). D = descriptive; M = measured (in 


mm). 


[Pemeshu(reg ular torre p ular) meee eres. eesereeeeceeceer reer rere seen ree nee POUOONOEECSlnnOED 


2. branch 


a. width (narrow or wide) and depth (thin or thick). 


b. width 


c. distinctive changes in width (before or after bifurcation, or due to emplacement of accessory zooecia) 


3. fenestrule 
. shape (oval, round, or polygonal) 
. alterations in shape due to zooecial projection into opening 


eoancgep 
oO 
=] 
go 
ut 
> 


. number in a 10 mm distance along colony. 
4. dissepiment 
a. width (narrow or wide)... 


5. zooecia 


a. ‘shape!(in median) [tangentiall]/section) = = 


b. shape before and after a bifurcation 

c. number in a 5 mm distance along branch... 
6. apertural characteristics 

a. degree and kind of projection into fenestrule 


b. accessory features (e.g., peristome, lunaria, stylets), and positioning of these features... 


c-wlength= 


e. peristome width 
7. heterozooecia or polymorphs 
a. presence or absence... 
b. dimensions 
8. other characteristics 


ay (Carinae snodes.an@ ctu berCules sme nee eee 


b. diameter of nodes and tubercules 


two species; the ratios between length (arrow b) and 
width (arrow c) also appear moderately similar, as does 
placement of the autozooecial chamber within the 
branch. Some indication of different apertural-opening 
orientation (arrow d) is observed in shallow tangential 
section, although this is best presented in transverse 
section (arrow e), with apertures in C. usitata opening 
more into the fenestrule opening than apertures in B. 
guensburgi, whose opening approaches parallel to the 
obverse branch surface. Relying solely on tangential 
sections, we have two apparently similar species with 
similar chamber outlines, particularly in mid tangen- 
tial view. 

Comparing longitudinal and toa lesser degree, trans- 
verse sections of these two species, a much different 
conclusion is reached. A tangential section approxi- 
mately follows the line marked by arrow f in longitu- 
dinal sections of both B. guensburgi and C. usitata. 
This length corresponds approximately to the mea- 
surement of chamber depth (arrow g) in C. usitata, 
which in turn equals approximately the chamber length 
(arrow h) in this species. In B. guensburgi, however, 
the line marked by arrow f, which corresponds to arrow 
b in the tangential section, does not represent either 
depth (arrow g) or length (arrow h) of the autozooecial 
chamber. The apparent length of the chamber as rep- 


resented by the line marked by arrow f represents ap- 
proximately 1.7 times the chamber depth (arrow g) 
and approximately one-half the chamber length (arrow 
h). Sole reliance on the tangential sections for mea- 
surements of chamber length and width can provide 
accurate information in some species, such as C. usi- 
tata, but provides no information about depth. In other 
species such as B. guensburgi, the tangential section 
provides only accurate chamber widths, but extremely 
misleading information concerning chamber lengths. 
The angle subtended by the chamber’s lateral and 
reverse walls (arrow i) is the character which causes 
the difference in applicability of tangential section in 
the two species illustrated. When the reverse-wall bud- 
ding-angle approaches 90°, the length seen in tangential 
section will equal or closely approximate that seen in 
longitudinal section, as in the species C. usitata. In B. 
guensburgi, the reverse-wall budding-angle is quite low, 
approximately 38°, and thus the tangential section is 
of little use in determining chamber length. Although 
these two species appear similar in tangential section, 
a combination of sectional views demonstrates that 
differences between B. guensburgi and C. usitata are 
sufficient to justify assignment to different genera. 
Among genera, there are similar problems with re- 
verse-wall budding-angle, and the type, placement, and 
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degree of development of hemisepta. Until rigorous 
analyses using all necessary zoarial views are applied 
to the meshwork Fenestelloidea, it will not be possible 
to accurately identify species, and to compare species 
from different geographic areas. 

Due to the problems in classification summarized 
below, species of Fenestella and members of most of 
the meshwork Fenestelloidea have been difficult to rec- 
ognize. This difficulty has led to the proliferation of 
species names and the inability of workers to agree on 
phylogenetic affinities within genera. These difficulties 
seem to result from: (1) lack of work with populations; 
(2) dependence predominantly on either incomplete 
evaluation of interiors or exteriors rather than a thor- 
ough combination of the two; (3) insufficient statistical 


analyses of material (which are needed to determine 
true range of variation of characters); (4) adherence to 
the meshwork or micrometric formulas and similar 
approaches that deal with range and pattern instead of 
form (Similarity in mesh pattern may be extreme, even 
between members of different genera.); (5) two-dimen- 
sional treatment due to overdependence solely on tan- 
gential sections in analyses [Three-dimensional con- 
siderations and reconstructions, particularly of zooecial 
chambers, such as that of McKinney (1980) in his ge- 
neric description of Utropora Pocta, 1894, have not 
generally been used.]; (6) lack of consideration of as- 
togenetic thickening as a factor causing pronounced 
variation in exterior zoarial morphology within a single 
species. 


ee 
TANGENTIAL 


TRANSVERSE LONGITUDINAL 


Text-figure 3.— Comparison of interior sections of Banastella guensburgi (A) and Cubifenestella usitata (B), illustrating significant similarities 
in chamber profile in tangential view and dissimilarities in longitudinal view. 
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A single taxonomic methodology can and should be 
employed throughout the Suborder Fenestelloidea. 
Within a species, members of the suborder exhibit pro- 
nounced similarity of certain zooecial characters, par- 
ticularly with regard to chamber size, symmetry, and 
accessory features. Such common traits offer an ideal 
basis on which to develop a uniform taxonomic meth- 
odology. Because all zooids of a zoarium, excluding 
the ancestrula, were reproduced asexually and have a 
single genotype, phenotypic variations within a single 
zoarium can be assumed to be due to other than genetic 
factors (Gautier, 1970, 1972; Boardman and Chee- 
tham, 1969, 1983; Cook, 1977). The advantage of the 
use of colonial animals for studies in variation, both 
ontogenetic and astogenetic, has been recognized by 
many workers, and was discussed in detail by Board- 
man and Cheetham (1969). 

Secondary calcification or addition of lamellar cal- 
cite commonly occurs within the fenestrates, as ob- 
served by Tavener-Smith (1973), Gautier (1972) and 
herein. This calcification continued during colony as- 
togeny, causing walls to thicken progressively from dis- 
tal to proximal positions within a zoarium. Tavener- 
Smith (1973) concluded, solely from exterior obser- 
vations, that such thickenings could be ignored if one 
carefully considered quantitative attributes. From my 
work, I believe this is incorrect, as I have found such 
thickenings affect branch and dissepiment width and 
thus fenestrule size, keel width, nodal appearance, ex- 
terior ornamentation on both the obverse and reverse 
zoarial surfaces, apparent aperture opening size, and 
peristomal thickness. This observation reduces greatly 
the value of six of the nine criteria of Tavener-Smith 
(1973): branch width, apertural diameter, fenestrule 
length, fenestrule width, internodal distance, and dis- 
sepiment width. Secondary thickenings of lamellar 
skeleton, at times enough to cover completely both 
obverse and reverse surfaces and completely fill fe- 
nestrule openings, suggest a structural response that 
increases colony strength. 

HISTORICAL REVIEW AND APPROACH TO 
TAXONOMIC DIVISIONS WITHIN THE FORM GENUS 
FENESTELLA LONSDALE 

Fenestrate bryozoans, and in particular the genus 
Fenestella, have long been recognized as major com- 
ponents of many Middle and Upper Paleozoic marine 
rocks. Many of the traditional genera are readily rec- 
ognized because they are based on such exterior char- 
acters as fan- and funnel-shaped colonies; distinct ob- 
verse and reverse sides; straight to undular branches; 
dissepiments connecting branches, forming voids or 
fenestrules between branches; two rows of apertures 
across the branch; and frequent presence of a carina, 
keel, nodes, or other accessory features (Nickles and 
Bassler, 1900; Bassler, 1953; Nekhoroshev, 1960). Pn- 


mary reliance on exterior analyses and provincial 
knowledge of literature have led to a great proliferation 
of species of Fenestella [over 1,200 to date (Morozova, 
1974)] and extremely wide geographic and geologic 
ranges (Ordovician—Triassic): such ranges and abun- 
dance suggest the genus is heterogeneous. 

In 1890, Ulrich, and later Nekhoroshev (1928), rec- 
ognized the probable polyphyletic nature of Fenestella. 
These conclusions were based on exterior and thin- 
section analyses of transverse and tangential views in 
the case of Ulrich, and predominantly on tangential 
thin-sections in the case of Nekhoroshev. Both workers 
observed highly varied internal arrangement and struc- 
ture for species which fit readily the then-current con- 
cept for the exterior of Fenestella. Neither Ulrich nor 
Nekhoroshev subdivided the genus, possibly to retain 
its usefulness for exterior recognition in the field. 

Despite Ulrich’s emphasis on a combination of both 
exterior and thin-section analyses for all bryozoan gen- 
era, many subsequent workers have relied on either 
interior or exterior analysis alone for taxonomic as- 
signments. Species based only on exterior analysis (e.g., 
Utgaard and Perry, 1960; Miller, 1961a; Campbell, 
1961; Tavener-Smith, 1973), and new genera separat- 
ed from Fenestella but based solely on exterior analysis 
(Fenestrellina d’Orbigny, 1849; Flabelliporina Simp- 
son, 1895a; Fenestrapora Frederiks, 1915; Cervella 
Chronic, 1949; Parafenestella Miller, 1961b; Levife- 
nestella Miller, 1961a, Dogaddanella Ganesan, 1972; 
Polyfenestella Bancroft, 1986a) are difficult to recog- 
nize beyond the types. 

Taxonomy based solely on exterior characters (En- 
gel, 1975) is justifiable where, due to poor preservation, 
only exterior views are available; however, general ap- 
plications of such studies are limited. 

Soviet workers, including Nekhoroshev (1928, 1932, 
1949, 1953, 1956), Shulga-Nesterenko (1941, 1949, 
1951, 1952, 1955), Morozova (1962, 1970a, 1970b, 
1973, 1974), and others have done extensive work with 
interior microscopic analyses of species of Fenestella. 
Their early recognition of the extreme importance of 
autozooecial shape in both species and genus deter- 
mination was a major contribution; however, their use 
of only cross-sectional (tangential) views of the cham- 
ber has resulted in much confusion of taxonomic as- 
signment in the literature. This problem is discussed 
in detail on p. 30 in the context of a revised generic 
classification scheme. Taxonomic decisions based al- 
most exclusively on interior analyses are nearly as se- 
riously in error as those based only on exteriors, for 
they too ignore a great deal of available information. 

Crockford (1944), working with Permian materials 
from Australia, separated the genus Minilya Crock- 
ford, 1944, from Fenestella. In her work, Crockford 
used triangular cross-sections of the autozooecial 
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chambers and alternating biserial arrangements of ca- 
rinal nodes as criteria for separation. Wass (1966) re- 
jected Minilya after his discovery of monoserial and 
biserial nodes on the same branch in two species as- 
sumed to belong to this genus. Morozova overturned 
Wass’s conclusions, resurrecting Mini/ya based on her 
observations that Wass’s analysis was ““mistaken and 
connected with inadequate conditions of the material 
investigated by him.” (Morozova, 1974, pp. 176-177). 
Triangular chamber shape, two rows of alternating 
nodes on a broad low carina, square fenestrule shape, 
and thin straight dissepiments are Morozova’s main 
criteria for delimitation of this genus. Although Mo- 
rozova’s retention of the genus Minilyva appears correct 
based on analysis of Warsaw materials, a more thor- 
ough justification both descriptively and numerically 
would be of great assistance to other workers. 

Elias and Condra (1957), in a study of species of 
Fenestella from the Pennsylvanian of the midcontinent 
and the Permian of West Texas, argued that the genus 
was of polyphyletic origin. They divided the species of 
Fenestella studied into three sections or groups and 
thirteen subgroups. Group divisions were based on the 
following criteria: length of fenestrules, apertures per 
fenestrule length, and node distribution. The three 
groups include: (1) species with long fenestrules, 3.5 to 
5.0 autozooecial apertures per fenestrule, and a single 
row of nodes; (2) species with long and short fenestrules 
and a double row of nodes; (3) species with short fe- 
nestrules, 2.0 to 3.5 autozooecial apertures per fenes- 
trule, and a single row of nodes. The thirteen subgroups 
are divided on criteria ranging from chamber shape to 
number of zooecia per fenestrule, branch width, zoarial 
shape, and carinal development. Besides applying a 
primarily monothetic approach, the divisions of Elias 
and Condra (1957) are difficult to use because they 
employ few characters, and those used are not applied 
equally to all taxa (some involve interior chamber 
shape, others involve exterior features such as carina 
and even zoarial shape). Loculiporina Elias and Con- 
dra, 1957 is based on extremely poor material. Because 
there appear to be a relict superstructure and a mesh 
pattern similar to that of Hemitrypa Phillips, 1841, 
Loculiporina cannot be readily separated from Hem- 
itrypa on the basis of information provided by Elias 
and Condra. Their use of group and subgroup and 
nonadherence to accepted taxonomic hierarchy and 
divisions make their work extremely difficult to apply 
or relate to earlier works. 

The genus 4rchaefenestella was proposed by Miller 
(1962), based on material from the Lower Silurian of 
England. His genus is distinguished by quadrangular 
zooecial shape in tangential section and the presence 
of vesicular tabulae that intersect the zooecial cham- 
ber. 
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Termier and Termier (1971) recognized six new gen- 
era within the traditional Fenestella from the Late Pa- 
leozoic of Afghanistan. These genera include: Rhom- 
bofenestella, Aequifenestella, Alternifenestella, 
Spinofenestella, Rugofenestella, and Mirandifenestel- 
la. The Termiers based their genera primarily on the 
groups and subgroups of Elias and Condra (1957). Pri- 
mary emphasis on the micrometric formula and an 
inadequate descriptive section for their species deter- 
minations handicapped the Termiers’ conclusions. 
Type species were not designated for Aequifenestella 
or Rugofenestella, nor were diagnoses presented for 
any of the proposed genera. The short descriptions 
presented and the lack of throrough analysis make the 
Termiers’ work of limited value. 

Morozova (1974) acknowledged the heterogeneous 
nature of the traditional form genus Fenestella and 
subdivided it, retaining five established genera and es- 
tablishing nine new genera, respectively: Archaefenes- 
tella Miller, 1962, Mirifenestella Morozova, 1974, 
Laxifenestella Morozova, 1974, Exfenestella Moro- 
zova, 1974, Fabifenestella Morozova, 1974, Flexife- 
nestella Morozova, 1974, Rarifenestella Morozova, 
1974, Rectifenestella Morozova, 1974, Spinofenestella 
Termier and Termier, 1971, Minilya Crockford, 1944, 
Alternifenestella Termier and Termier, 1971, [gnoti- 


fenestella Morozova, 1974, Cavernella Morozova, 


1974, and Permofenestella Morozova, 1974, as well as 
retaining Fenestella Lonsdale, 1839. Believing “*Fen- 
estella consists of a large number of natural groupings 
of species that are connected by common origin and 
developed independently in different stages of the Pa- 
leozoic’’, Morozova (1974, p. 169) interpreted all her 
genera as phylogenetically linked groupings of species, 
many of which closely follow the inferred phylogenetic 
branchings of Shulga-Nesterenko (1951). Extreme 
differences in internal structure in zoaria, with mesh 
of nearly identical shape and structure, were inter- 
preted by Morozova (1974, p. 169) as proof that “*Fen- 
estella’”’ form species “‘arose independently in many 
genera of the family Fenestellidea,”’ evidently as a re- 
sult of parallel evolution. 

Internal characteristics of the autozooecial chamber 
are stressed in her analyses, although she attempted to 
determine chamber shape from tangential section alone. 
Morozova’s new genera are each based on the presence 
of a distinctive polymorphic type, with different poly- 
morphs found in different genera. This often highly 
monothetic approach yields an apparent pattern of 
much parallel evolution. Examples of types of heter- 
ozooecia include the “parazooecia’”’ used to delimit 
Mirifenestella, ““cyclozooecia” delimiting [gnotifenes- 
tella, ““caverns”’ delimiting Cavernella, and ‘“‘micro- 
zooecia”’ delimiting Permofenestella (Morozova, 1974; 
pps LOMA 7, 1/8): 
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Table 3.—Characters used by Morozova (1974) for discrimination of 10 genera from the form genus Fenestella, here also applied to four 


genera of other authors. — = character absent or lacking in description. 
Fenestella Archaefenestella Mirifenestella 
Lonsdale, 1839 Miller, 1962 Morozova, 1974 
[Lower Silunan— [Lower (Middle 
Permian] Silurian] Devonian] 
1. colony mesh type — mesh-like — firm mesh 
2. branch width and ~~ wide thin (straight) very broad 
shape 
3. dissepiment thin thin very broad 


width and shape 


4. number of rows two rows regu- two rows qua- two rows regu- 
of zooecia in lar quadran- drangular lar quadran- 
deep cross-sec- gular gular 
tion and zooecial 
shape in median 
cross-section 

5. presence or ab- single straight straight, narrow high, straight 
sence of carina, narrow Cari- 
their size, shape, na 
and emplacement 

6. presence or ab- monoserial — — 
sence of nodes, small nodes 
their relative size, or carina 
location, and em- 
placement 

7. presence or ab- =— monoserial tu- -_ 
sence of tuber- bercules 
cles, and their 
size and location 

8. presence or ab- present — _ 


sence of inferior 
and/or superior 
hemisepta 


. presence or ab- 


sence of vesicular 
diaphragms 


. presence or ab- 


sence of hetero- 
zooecia 


present, inter- 
sect zooecial 
cavities 


parazooecia 


Spinofenestella 
Termier and 
Termier, 1971 
[Lower 
Devonian- 
Lower Permian] 


medium fine 
mesh 

straight, thick, 
broad 


comparatively 
slender 

two rows trian- 
gular, trian- 
gular-pentag- 
onal before 
bifurcation 


narrow and 


high 


monoserial row 
of nodes on 
carina 


Minilya 
Crockford, 1944 
[Lower 
Devonian- 
Lower Permian] 


regular, mesh 
usually fine 
relatively broad 


thin 


two rows trian- 
gular, trian- 
gular-pentag- 
onal before 
bifurcation 


broad and low 


biserial row of 
alternating 
nodes on ca- 
rina 


Alterni- 
fenestella 
Termier and 
Termier, 1971 
[Devonian- 


Lower Permian] 


Ignoti- 
fenestella 


Morozova, 1974 


{Lower Car- 
boniferous] 


straight, thin 


thin 


one row in 
deep cross- 
section, tra- 
peziform or 
triangular- 
trapeziform 


thin 


monoserial row 
of nodes on 
carina 


coarse mesh 


straight 


thin 


two rows, pen- 
tagonal and 
rounded pen- 
tagonal 


low 


monoserial row 
of nodes on 
carina 


“cyclozooecia” 
on branch, 
and on inter- 
val between 
adjacent 
zooecia 


Table 3 summarizes the ten characters Morozova 
used for generic differentiation of the form genus Fen- 
estella and lists the genera recognized with their re- 
spective characters. Rather than providing discrete 
measurements or indicating presence or absence, Mo- 
rozova applied descriptive modifiers to her characters. 
As opposed to giving an indication of presence/absence 
or of measurements and, as illustrated in the Table, 
those modifiers are frequently applied inconsistently. 
These problems led to descriptive ambiguities 
throughout her work. No definite means of comparison 
are given for such relative terms as thin, wide, fine, 
and coarse. For example, in two genera (Mirifenestella 
and Flexifenestella), the mesh is described as “‘firm’’: 
it is not clear how this term fits in a scale of fine, 
medium, and coarse. Three genera (A/ternifenestella, 
Cavernella, and Permofenestella lack any modifiers 
whatsoever concerning mesh type. Confusion of mesh 
symmetry and relative geometric placement of branch- 
es and dissepiments with mesh sturdiness or firmness 


could be a problem arising from translation of the 
original work into English from Russian; deletion of 
descriptive comparisons presumably is not. 

Under branch width/shape, in some genera (e.g., 
Fenestella, Mirifenestella, Fabifenestella, Minilya, and 
Cavernella), only width is considered, whereas only 
shape is touched upon in others (e.g., Laxifenestella, 
Exfenestella, Rectifenestella, and Ignotifenestella). 
Similar problems can be observed in dissepiment width/ 
shape, carina size and shape, and hemisepta devel- 
opment (/.e., inferior or superior position). 

Criteria selected by Morozova for generic differen- 
tiation, other than those emphasizing heterozooecia, 
appear to have value for delimiting divisions within 
the traditional genus Fenestella. Lack of three-dimen- 
sional reconstruction of the autozooecial chamber se- 
verely limits the usefulness of any bryozoan taxonomic 
work, including Morozova’s. Further, chamber shape 
and related accessory features such as hemisepta and 
apertural stylets, as observed in the later section on 
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Cavernella 
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Flexifenestella 


Morozova, Laxifenestella Morozova, 1974 
1974 [Car- Permofenestella Morozova, 1974 [Lower Car- 
boniferous— Morozova, 1974 [Devonian- boniferous— 
Permian] [Permian] Permian] Lower Permian] 
— - medium mesh firm mesh 
moderately broad, straight straight or broad, undular 
broad or weakly weakly bend- curves 
bending ing 
moderately short, broad moderately very short, re- 
broad broad duced 
two rows, two rows, two rows, te- two rows, te- 
rounded pen- rounded pen- tragonal-pen- tragonal in 
tagonal tagonal tagonal deep section, 
tetragonal- 
pentagonal or 
fabiform near 
surface 
low low slightly curved broad and low 


monoserial row 
of nodes on 
carina 


monoserial row 
of small 
nodes on cari- 
na 


monoserial, 
small, fre- 
quently on 
carina 


large monoserial 
nodes on cari- 
na 


Exfenestella 
Morozova, 1974 
[Devonian- 
Permian] 


medium, fine 
mesh 

straight or 
weakly 
curved 

straight 


two rows, fabi- 
form 


narrow and 
slender 


monoserial 
nodes on cari- 
na 


Fabifenestella 
Morozova, 1974 
[Devonian- 
Permian] 


firm, fine mesh 


broad 


straight 


two rows, te- 
tragonal in 
deep section, 
fabiform near 
surface 


broad and low 


two rows of al- 
ternating 
nodes on cari- 
na 


Rarifenestella 
Morozova, 1974 
[Lower 
Devonian] 


medium mesh 


broad, straight 


very thin, 
straight 

two rows, ver- 
miform 


narrow and high 


single row of 
nodes on cari- 
na 


Rectifenestella 
Morozova, 1974 
(Upper 
Silunan- 
Permian] 


medium, fine 
mesh 
straight 


straight 


two rows, pen- 
tagonal, be- 
coming trian- 
gular- 
pentagonal be- 
fore bifurca- 
tion 

present 


monoserial row 
of nodes on 
carina 


on branches in 
two rows 


present 


“caverns” on ““microzooecia”™ — - 


dorsal face of in pairs, or 
branches join singly be- 
with dissepi- tween ordi- 
ments nary zooecia 


species, are highly constant within a species and have 
significant application for generic level taxonomic 
comparisons. 

McKinney (1980), in his redescription of the De- 
vonian fenestrate genus Utropora Poéta, 1894, clearly 
recognized and demonstrated the usefulness of three- 
dimensional chamber reconstructions when consid- 
ering generic descriptions and affinities. McKinney il- 
lustrated reconstructed general chamber form in lat- 
eral, frontal, and distal views. McKinney observed that 
if zooecial shape is to be clearly understood, shallow, 
medium, and deep tangential views cut parallel to the 
branch surface are all necessary, as are transverse and 
longitudinal sections. Fortunately, single sections can 
provide more than one view; for example, an inclined 
tangential section over a large specimen provides shal- 
low, medium, and deep tangential views. 

In McKinney’s work, comparison is made between 
the three-dimensionally reconstructed living chamber 
of Utropora nobilis (Barrande in Poéta, 1894) and the 
type species of Fenestella, Fenestella subantiqua d@’Or- 


on branches in —- - _ 
two rows 


bigny, 1839. These reconstructions, along with detailed 
microstructural analysis showing relative position of 
granular and laminated skeletal material, offer great 
taxonomic potential. Unfortunately, although many of 
these ideas are well presented in the text of McKinney’s 
article, they are not directly applied in his amended 
diagnosis. Many characters presented by Morozova, as 
well as those of other earlier workers, are used in 
McKinney’s diagnoses, and although three-dimension- 
al terminology is employed, the illustrations of cham- 
ber shape are not referred to therein. Such illustrations 
should be placed directly in the diagnosis to be of 
greatest value to subsequent workers. Positioning of 
the zooecial chamber relative to the branch orientation 
and other zooecia present, along with aperture posi- 
tioning along the branch, is included in McKinney’s 
analyses. These characters, neglected in the two-di- 
mensional approach of the Soviets, have proven of 
prime importance in delimiting subdivisions within 
the traditional genus Fenestella in this study. 
Bancroft (1986a) described the new fenestrate genus 
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Table 4.—Taxonomic criteria for generic divisions within the Warsaw fenestellids. See Table 7 for explanations of abbreviations. 


Character Groupings (External) 
I. zoaria 


Be 


thick, resist abrasion]) 


. mesh uniformity (regular! or irregular) 
. secondary features (e.g., central axis, reticulate meshwork) 
II. branches 


moe 


> 


B. proximodistal trace (straight, sinuous, or broadly curved) 
C. surface profile on obverse surface (round, flat, or angular) 
D. keel (if present) 

1. number across branch surface (single or multiple) 


robustness (delicate [fragile, small colony fragments] — intermediate [moderately complete zoaria present] — robust [zoaria large, 


outward expansion (flat, obversely or reversely curved, undulating, cup-shaped, or spiralling from central axis) 
mesh spacing (close [WF < WB] — intermediate [WF = WB] — open [WF > WB)) 


. width (narrow [<0.30 mm] — intermediate [0.30-0.39 mm] — wide [>0.39 mm]) 


2. width (narrow [<0.05 mm] ~ intermediate [0.05—0.15 mm] — wide [>0.15 mm]) 


3. emplacement (straight or anastomosing) 
4. astogenetic changes 
E. nodes (if present) 
. emplacement (monoserial or biserial) 


. size (small [<0.07 mm] — intermediate [0.07-0.13 mm] — /arge [>0.13 mm]) 


1 
2 
3. shape (circular, ovate, elliptical, or stellate) 
4. location on branch 

5 


internode spacing (close [<0.24 mm] ~ intermediate [0.24-0.80 mm] — wide [>0.80 mm]) 


F. obverse stylets (if present) 


1. size (small [<0.01 mm] — intermediate [0.01-0.02 mm] = /arge [>0.02 mm]) 


2. location on branch surface 
G. reverse microstylets (if present) 


1. size (small [<0.018 mm] — intermediate [0.018-0.026 mm] — large [>0.026 mm]) 


2. location on branch surface 
H. reverse macrostylets (if present) 


1. size (small [<0.05 mm] ~ intermediate [0.05-0.08 mm] — /arge [>0.08 mm]) 


2. location on branch surface 


I. number of rows of autozooecia (two, two becoming three for a short distance proximal to branch bifurcations, or greater than 


two) 
J. heterozooecia (if present) 


1. type (e.g., ovicells, parazooecia’, cyclozooecia*, caverns’, microzooecia’) 


Ill. dissepiments 


A. width (thin [<0.5 x WB] — intermediate [0.5 x WB — 1.0 x WB] = wide [>1.0 x WB)}) 
B. length (short [WF < WB] — intermediate [WF = WB] — long [WF > WB)) 


C. placement (regular or variable) 
IV. fenestrules 


A. size (small [length <0.4 mm; width <0.24 mm] = intermediate [length 0.4-0.9 mm; width 0.24—0.34 mm] = J/arge [length >0.9 


mm; width >0.34 mm]) 
B. shape (elliptical, ovate, rectangular, square, or circular) 
V. apertures 


A. relative size (small [length <0.09 mm; width <0.07 mm] = intermediate [length 0.09-0.15 mm, width 0.07-0.12 mm] — /arge 


{length >0.15 mm; width >0.12 mm]) 
shape (circular, ovate, or elliptical) 


. peristomes (if present) (complete or incomplete) 


7MOOw 


terminal diaphragms (if present) 


orientation of opening relative to plane of obverse surface (parallel, inclined into fenestrule, or perpendicular) 


degree of development and emplacement of apertural stylets (if present) 


1. location on zoarium (e.g., proximal, middle, distal, throughout) 


' Low coefficient of variation for length of fenestrule, width of fenestrule, and width of branch. 


? fide Morozova (1974); not observed in Warsaw bryozoans. 


Polyfenestella from the Midland Valley of Scotland. 
Polyfenestella, derived from Synocladia(?) fenestelli- 
formis Young, 1881, is primarily distinguished on the 
basis of occurrence of two types of heterozooecia. Type 
A zooecia occur irregularly between autozooecia and 


type B zooecia occur on both the obverse and reverse 
branch surfaces. 

Exterior analyses only were employed in Bancroft’s 
work, with photographs of zoarial and zooecial features 
providing inadequate illustration. Bancroft recognizes 
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Table 4.—Continued. 


Character Groupings (Internal) 
I. branches 


A. outline in cross-section (e.g., elliptical, ovate, circular, semicircular, rhombic, polygonal) 
B. branch depth (thickness of others) (shallow [<0.30 mm] — medium [0.30-0.39 mm] — thick [>0.39 mm]) 


II. autozooecial chambers 


A. size (small [length <0.20 mm; depth <0.10 mm; maximum width <0.10 mm; minimum width <0.07 mm] — intermediate 
[length 0.20-0.48 mm; depth 0.10-0.20 mm; maximum width 0.10-0.15 mm; minimum width 0.07-0.12 mm] = /arge [length 
>0.48 mm; depth >0.20 mm; maximum width >0.15 mm; minimum width >0.12 mm]) 


emplacement (monoserial, biserial, or polyserial) 
axial wall trace (e.g., straight, sinuous, zigzag) 


mMoOOe 


outline 


. orientation of elongation (parallel to reverse wall, or parallel to proximal and distal lateral chamber walls) 


1. near reverse wall (triangular, rectangular, square, ovate, elliptical, circular, pentagonal, parallelogram-shaped, or diamond- 


shaped) 


2. atmid chamber (triangular, rectangular, square, ovate, elliptical, circular, pentagonal, parallelogram-shaped, or diamond-shaped) 
3. near obverse surface (triangular, rectangular, square, ovate, elliptical, circular, pentagonal, parallelogram-shaped, diamond- 


shaped, or bilobate) 
vestibules (if present) 


mI 


1. length (short [<0.06 mm] — intermediate [0.06-0.12 mm] — long [>0.12 mm]) 


. lateral-wall budding-angle (mean and range) 
reverse-wall budding-angle (mean and range) 
microstructure 
1. exterior lamellar skeleton 

a. thickness (thin, intermediate, or thick) 
b. secondary astogenetic thickening 
2. interior granular skeleton 
a. thickness (thin, intermediate, or thick) 
b. secondary astogenetic thickening 
. three-dimensional form 


Fat aol (a) 


Zern 


. geologic range 


the need for zooecial chamber reconstruction, ultra- 
structural analysis, and budding relationships as an 
essential part of a genus description; however, the in- 
terior analysis necessary to provide this information 
was not done due to “lack of adequate material for 
sectioning” (Bancroft, 1986a, p. 106). Interior sections 
must be provided in illustration and description of new 
genera, for without these little more is done than the 
establishment of more unrecognizable taxa. Bancroft 
(1986b), in a redescription of Hemitrypa hibernicia 
McCoy, 1844, employs interior sections and illustra- 
tions as well as measurements of autozooecial cham- 
bers. The thorough exterior and interior analyses in 
this work provide a much better model for bryozoan 
description, and a much more viable starting point for 
development of a format adequate for description of 
a new genus. 

Based on analysis of Warsaw fenestellids, in con- 
junction with other meshwork bryozoans, a list of cri- 
teria for generic division within the Suborder Fenes- 
telloidea has been established; these are listed in Table 
4 along with modifiers and descriptors. Characters are 
adapted from the format used by McKinney (1980) for 
the genus Utropora, from Morozova’s revision of the 


. degree of development and location of hemisepta (if present) (superior or inferior) 


outline (shown in Text-figure) in longitudinal, transverse, and tangential views 
. three-dimensional reconstruction (shown in Text-figure) in lateral, distal, and frontal views 


genus Fenestella, and from observations made on War- 
saw materials. Application of this format has proven 
successful in delimiting new genera within the form 
genus Fenestella, as well as confirming the validity of 
established genera, including Archimedes Hall, 1858, 
Hemitrypa Phillips, 1841, Polypora McCoy, 1844, Fe- 
nestralia Prout, 1858a, Rectifenestella Morozova, 1974, 
Laxifenestella Morozova, 1974, and Exfenestella Mo- 
rozova, 1974. The format adopted permits the addi- 
tion of new characters as discovered, and it provides 
the means for comprehensive comparison of morpho- 
types. 

Chamber form and orientation relative to the branch, 
as well as other chamber characters such as hemisepta 
and diaphragms, are highly consistent within these gen- 
era. In contrast, relative mesh size, branch and dis- 
sepiment dimensions and placement, chamber dimen- 
sions, and keel and node number and placement 
frequently show pronounced variation within any ge- 
nus. Recognition of Archimedes and Hemitrypa, as well 
as other fenestellid genera, can therefore be made from 
small zoarial fragments, based on similarities in overall 
chamber shape within members of their respective gen- 
era. 
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Table 5a.—Comparison of external taxonomic characters in 11 genera of fenestellid and polyporid bryozoans. 


Rectifenestella 
Morozova, 1974 
(Late Silurian— 
Permian) 


1. Zoania 
A. robustness 


B. outward expansion from ancestrula 


C. mesh type (spacing) 
D. mesh uniformity 
E. secondary features 


Branches 
A. width 


N 


B. proximodistal trace 


C. surface profile on obverse surface 


D. keel 

1. presence/absence 
number 
width 


wn 


4. astogenetic changes 


E. nodes 
presence/absence 
emplacement 
size 


wn 


4. shape 


5. location on branch 


6. internode spacing 
F. obverse stylets 

1. presence/absence 

2. size 

3. location on branch surface 
G. reverse microstylets 

1. presence/absence 


2: SIZE 


H. reverse macrostylets 
1. presence/absence 


2. size 


3. location on branch surface 


I. number of rows of autozooecia 


J. heterozooecia 
1. presence/absence 


2. type 


delicate to interme- 
diate 

flat to slightly ob- 
versely curved 


close to intermedi- 
ate 
regular to irregular 


narrow 


straight to curved 


round to moderate- 
ly flat 


present 

single 

narrow to interme- 
diate 

width increasing, 
covering aper- 
tures 


present 
monoserial 
intermediate 


circular to ovate 


middle of keel 


close 


present 
small 


across obverse sur- 
face 


typically present 
small to intermedi- 
ate 


present in some 
species 

small to intermedi- 
ate 

atop striae 


two rows 


present in some 


species 
possible ovicells 


Laxifenestella 
Morozova, 1974 
(Devonian—Permian) 


intermediate 


flat to obversely 
curved 


close to intermedi- 
ate 
extremely regular 


narrow to wide 


straight, sinuous, or 
curved 


round to flat 


present 
single 
narrow 


width increasing, 
covering aper- 
tures 


present 

monoserial 

intermediate to 
large 

circular to ovate 


middle of keel in 
single alternating 
Tow 

close to intermedi- 
ate 


present 

small to extremely 
small 

across obverse sur- 
face 


present 
small to large 


present in some 
species 
large 


typically at branch— 
dissepiment junc- 
tions 

two, rarely three 
rows proximal to 
branch bifurca- 
tion 


present in some 
species 
possible ovicells 


Minilya 
Crockford, 1944 
(Early Devonian— 
Early Permian) 


intermediate to ro- 
bust 

flat to slightly ob- 
versely curved 


intermediate 


regular to irregular 


narrow 


straight, sinuous, or 
curved 


rounded 


present 
single 
narrow 


width increasing, 
covering aper- 
tures 


present or absent 
monoserial 
intermediate 


ovate 


middle of keel 


close 


present 

extremely small to 
intermediate 

across obverse sur- 
face 


present 
extremely small to 
small 


present in some 
species 
large 


typically at branch- 
dissepiment junc- 
tions 

two rows 


none observed 


Exfenestella 
Morozova, 1974 
(Devonian-— 
Permian) 


robust 


obversely curved 


intermediate 


extremely regular 


narrow 


straight, sinuous, or 
curved 


rounded 

present 

single 
intermediate 
width increasing, 


covering aper- 
tures 


present 
monoserial 
intermediate 
circular to ovate 


atop keel 

close 

present 

small 

across obverse sur- 


face 


present 

extremely small 

present 

large 

typically at branch— 
dissepiment junc- 


tions 
two rows 


none observed 


Banastella, 
n. gen. 
(Mississippian) 


delicate to ex- 
tremely robust 

flat, obversely or 
reversely 
curved, sinu- 
ous, or cupped 

close to open 


regular to irregu- 
lar 


intermediate to 
extremely wide 

straight, sinuous, 
or curved 


rounded to angu- 
lar 


present 
single or multiple 
narrow to wide 


width moderately 
to greatly in- 
creasing, cover- 
ing apertures 


present 

monoserial 

large to interme- 
diate 

stellate or ellipti- 
cal 

middle of keel 


intermediate to 
wide 


present or absent 

small to interme- 
diate 

across obverse 
surface, on keel 
edge 


present 
small to interme- 
diate 


absent 


two rows, three 
rows proximal 
to branch bifur- 
cation 


present 


possible ovicells 


Comparison with and adherence to already estab- 
lished genera is done wherever possible. Because most 
previous work, excluding that of McKinney (1980), has 


dealt with genera based on either solely exterior or two- 
dimensional interior interpretations, application of 
these works to a more modern three-dimensional ge- 
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Cubifenestella, 
n. gen. 
(Mississippian) 
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Apertostella, n. gen. 
(Mississippian) 


Hemitrypa 
Phillips, 1841 
(Silurian—Permian) 


intermediate to robust 

flat to obversely or re- 
versely curved 

intermediate to open 


regular to irregular 


narrow to intermediate 


straight, sinuous, or 
curved 


round or angular 
present 

single 

intermediate to wide 


pronounced thickening 


present 
monoserial 
large to intermediate 


Stellate, ovate, or circu- 


lar 
middle of keel 


intermediate 

present 

intermediate 

across obverse surface 
and in rows between 
nodes 

present 

small to intermediate 

present in some species 

large 

typically at branch— 
dissepiment junc- 


tions 
two rows 


none observed 


delicate to robust 

flat, undulating, or ob- 
versely curved 

close to intermediate 


regular 


intermediate to wide 


straight, sinuous, or 
curved 


flat, angular, concave, 
or obversely curved 


present 
single 
narrow to intermediate 


slightly thickening, 
covering apertures 


present 
monoserial 
intermediate to large 


ovate to circular 


middle of keel 
intermediate to wide 
present or absent 


large 


across obverse surface 


present 

small to large 

present in some species 
large 


typically at branch-dis- 
sepiment junctions 


two rows, three rows 


proximal to branch 
bifurcations 


none observed 


delicate to robust 

flat, undulating, or 
curved 

close to intermediate 

regular or irregular 

reticulate meshwork 

narrow to intermediate 


straight, sinuous, or 
curved 


rounded to angular 
present 

single 

intermediate 


pronounced, forms re- 
ticulate meshwork 


present 
monoserial 
intermediate 


stellate, ovate, or circu- 


lar 
middle of keel 


close to intermediate 
present 


small to intermediate 


across obverse surface 


present 
intermediate to large 


present in some species 

intermediate to large 

at branch-dissepiment 
junction or irregular- 
ly across surface 

two rows, three to four 
rows proximal to 
branch bifurcations 


present in some species 


possible ovicells 


neric approach has proven difficult or impossible, par- 
ticularly in regard to the work done by Morozova, 
whose material is accessible only if one can arrange 


Archimedes 
Hall, 1858 
(Mississippian— 
Permian) 


delicate to robust 

cup-shaped to fan- 
shaped 

close 

regular 

tightly coiled axis 

narrow to intermediate 

straight on obverse, 
sinuous on reverse 


surface 
flat to round 


present 
single 
narrow 


becoming covered by 
lamellar skeleton 


present 

monoserial 

small to intermediate 
circular, ovate, or stel- 


late 
middle of keel 


close to intermediate 
present 


small 


across obverse surface 


present 
small 


absent 


two rows, three rows 
proximal to branch 
bifurcations 


present in some species 


possible ovicells 


Fenestralia 
Prout, 1858a 
(Mississippian) 


robust 


flat to obversely curved 


close to open 


irregular 


wide 


straight, sinuous, or 
curved 


rounded 
present 
single 


intermediate 


thick, covering aper- 
tures 


present 
monoserial 

large 

ovate or elliptical 


middle of keel 
intermediate 
present 


intermediate 


across obverse surface 


present 
small 


absent 


four rows, five to six 
rows at and proxi- 
mal to bifurcation 


present 


possible ovicells 


Polypora 
McCoy, 1844 
(Ordovician— 

Permian) 


robust 


flat to cupped 


close to open 


regular or irregular 


wide 


straight, slightly sinu- 
ous, or curved 


round, angular, or flat 


absent 


present or absent 
monoserial 
intermediate to large 


stellate or ovate 


straight to anastomos- 
ing rows 


intermediate to wide 
present or absent 
intermediate to large 


in rows, or across ob- 
verse surface 


present or absent 
intermediate to large 


present or absent 
large 


atop striae or at 
branch—-dissepiment 
junctions 

three to five rows, 
five to seven prox. 
to branch 
bifurcations 


present or absent 


possible ovicells 


and afford to travel to Moscow. 
Eleven meshwork fenestellid genera are recognized 
in the Warsaw: nine genera from the Family Fenestel- 
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Rectifenestella 
Morozova, 1974 
(Late Silunan— 
Permian) 


3. Dissepiments 
A. width 
B. length 


C. placement 
4. Fenestrules 


A. size 


B. shape 


5. Apertures 
A. relative size 


B. shape 


thin to intermediate 

short to intermedi- 
ate 

regular 


small to intermedi- 
ate 

rectangular, ellipti- 
cal, square 


small to intermedi- 
ate 
circular to ovate 


Laxifenestella 
Morozova, 1974 
(Devonian—Permian) 


Minilya 
Crockford, 1944 
(Early Devonian— 

Early Permian) 


Exfenestella 
Morozova, 1974 
(Devonian- 
Permian) 


intermediate 

short to intermedi- 
ate 

regular to irregular 


small to intermedi- 
ate 

ovate, elliptical, or 
approximately 
rectangular 


small to intermedi- 
ate 
circular to ovate 


thin to intermediate 

short to intermedi- 
ate 

regular to variable 


intermediate 


rectangular, ellipti- 
cal, or ovate 


small to intermedi- 
ate 
circular 


intermediate 
intermediate 


regular 
intermediate 


elliptical, rectangu- 
lar, or ovate 


small 


circular to rarely 
ovate 


Banastella, 
n. gen. 
(Mississippian) 


thin to wide 
short to long 


regular to variable 

intermediate to 
large 

elliptical, ovate, 
rectangular, or 
square 


large 


circular to ovate 


C. orientation of opening to plane parallel, to inclined parallel parallel, or inclined parallel, to inclined parallel, to in- 
of obverse surface into fenestrules into fenestrules into fenestrules clined into fe- 
nestrules 
D. penstomes 
1. presence/absence present present present present present 
2. completeness complete or incom- complete or incom- incomplete complete complete 
plete plete 
E. apertural stylets 
1. presence/absence present absent present, of two sizes present present or absent 
2. emplacement within the peristo- — small in peristomal extension of peri- extension of peri- 
mal gap gap, two large stomal edge stomal edge 
ones at adaxial— 
abaxial apertural 
edge 
F. terminal diaphragms 
1. presence/absence present present present present present 
2. location on zoanum proximal proximal proximal proximal and mid- proximal and 
dle throughout 


lidae, including Rectifenestella Morozova, 1974; Lax- 
ifenestella Morozova, 1974; Minilya Crockford, 1944; 
Exfenestella Morozova, 1974; Banastella, n. gen.; 
Cubifenestella, n. gen.;, Apertostella, n. gen.; Hemitrypa 
Phillips, 1841; and Archimedes Hall, 1858; and two 
genera from the Family Polyporidae: Fenestralia Prout, 
1858a; and Polypora McCoy, 1844. Tables 5a and 5b 
list these genera and their character descriptors. The 
genera are listed in order of character similarity, which 
is interpreted to represent phylogenetic positioning of 
genera relative to each other. 

In analysis and description at the genus level, a broad 
set of characters should be applied for taxonomic dif- 
ferentiation. Some generic characters may show little 
or no variation throughout the genera (as presence/ 
absence of obverse stylets) or may exhibit overlap of 
character size ranges (as frequently overlapping in fe- 
nestrule opening size or autozooecial chamber size), 
whereas others such as hemiseptum type and placement 
may be highly characteristic of a genus. To delete char- 
acters from a generic list because little variation is 
observed between genera is to invite misapplication of 
generic criteria, should variation in these characters 
occur in genera not considered within this faunal study. 
Deletion of viable characters solely because they do 
not allow ready taxonomic breaks based on variation 


between taxa is inviting establishment of a monothetic 
classification. Characters used in this study are those 
traditionally used in the literature, with the addition 
of increased emphasis on three-dimensional recon- 
struction of the chamber (Table 3). Numerical statis- 
tical approaches have not been applied in this study; 
however, it is hoped that by dealing with a broad, but 
significant generic character base, a truly polythetic 
classification scheme is developed. 

Table 6 presents a key that can be used for generic 
assignment. It must be emphasized that a key of this 
nature, although useful in direction, should not be con- 
sidered adequate or sufficient for generic determina- 
tion, but merely useful as a guide. Once a genus has 
been assigned, a thorough review of al/ generic char- 
acters within that genus should be undertaken to ac- 
curately determine generic assignment. A key of this 
nature, and the very nature of keys, causes a trend 
toward development of monothetic classification. 
Properly applied, however, a key is a strong and useful 
directional device. 

Zooecia frequently exhibit morphologic features that 
are characteristic of a single genus; zoaria frequently 
exhibit broadly overlapping morphologic features that 
may be found in different genera. For this reason, Ta- 
bles 5a and 5b are based almost solely on zooecial 


Table 5a.— Continued. 


Cubifenestella, 
n. gen. 
(Mississippian) 
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Apertostella, n. gen. 
(Mississippian) 


Hemitrypa 
Phillips, 1841 
(Silurian—Permian) 


intermediate 
intermediate to long 


regular or variable 
intermediate to large 


elliptical, ovate, rectan- 
gular, or polygonal 


small to large 
ovate 


slight to pronounced 
inclination into fe- 
nestrule 


present or absent 
complete where present 


present 
extension of apertural 
edge fused 


present 
proximal throughout 


thin to intermediate 
short to intermediate 


regular 
small to large 


rectangular, elliptical, 
or ovate 


intermediate 
ovate 


parallel or slightly in- 
clined into fenestrule 


present 
complete 


present or absent 
on extension of peri- 
stomal edge 


present or absent 
proximal 


intermediate 
short to intermediate 


regular to variable 
small to intermediate 


rectangular on obverse, 
square, or polygonal 
on reverse surface 


intermediate to large 


elliptical, ovate, or 
rarely circular 

parallel, or inclined 
slightly into fenes- 
trules 


present 
complete 


absent 


present 
proximal 


Archimedes 
Hall, 1858 
(Mississippian— 
Permian) 


intermediate 
short 


regular 

intermediate 

elliptical on obverse, 
elliptical, ovate, cir- 
cular, or square on 
reverse 


intermediate 


circular, ovate, or ellip- 
tical 


Fenestralia 
Prout, 1858a 
(Mississippian) 


Polypora 
McCoy, 1844 
(Ordovician— 

Permian) 


intermediate 
intermediate 


regular 
intermediate to large 


elliptical to ovate 


intermediate 


circular to ovate 


thin to intermediate 
short to long 


regular to irregular 

intermediate to large 

ovate, circular, rectan- 
gular, parallelogram- 
shaped, elliptical, or 
polygonal 


intermediate to large 


ovate, elliptical, or cir- 
cular 


parallel adaxially parallel, adaxially parallel, 
abaxially perpendic- abaxially perpendic- 
ular ular or inclined into 
fenestrule 
present present present 
incomplete complete complete or incom- 
plete 
present or absent absent present 
on extension of peri- _ on edge of peristome 
stomal edge 
present present present 
proximal and near cen- throughout proximal, to through- 
ter of axis out 


characters, with zoarial characters used only where such 
characters are highly diagnostic of a particular genus. 

Establishing a generic taxonomic approach to any 
group of organisms based on the faunal assemblage 
from only a single area or stratigraphic interval has 
certain inherent risks, the dominant one being that the 
faunal assemblage analyzed is not characteristic of the 
group as a whole. This is apparently not the case in 
the Warsaw, where the fauna is typical of equivalent 
Valmeyeran age materials and environmentally similar 
assemblages. 

Using a fenestrate fauna as rich and diverse as that 
of the Warsaw provides a starting point from which 
comparison with other similar faunas can develop, and 
an opportunity for establishing genera which have a 
thorough three-dimensional, statistically sound basis. 


BIOLOGICAL SIGNIFICANCE OF ZOOECIAL 
CHAMBER SHAPE 


A direct link between soft part morphology and 
zooecial shape in fenestrates is strongly indicated by 
extreme consistency of zooecial chamber shapes and 
dimensions within conspecific populations. 

Boardman and Cheetham (1969) and Gautier (1970), 
in work with Paleozoic trepostomes, suggested a floor 
for the living chamber could have been provided by 


solid or perforate diaphragms, although the length of 
the chamber between these diaphragms and the colony 
surface is commonly variable, even within a single 
colony. Silen and Harmelin (1974) observed wide vari- 
ability of peristome length of functioning zooids in 
modern cyclostomes, whereas Boardman (1975) ob- 
served high variability of soft part morphology in mod- 
ern bryozoan colonies. Blake (1980) suggested that the 
very long zooecia of trepostomes need not mean rel- 
atively very long polypides, emphasizing the construc- 
tional needs of the zoarium over differences in devel- 
opment in the polypide and related organs. Blake (1983) 
argued for a unified Cryptostomata based on the basic 
constancy in chamber size and shape in members of 
this order. 

My work with populations of numerous species of 
fenestrates and rhabdomesoids agrees with that of 
Blake, indicating that constancy of chamber shape and 
dimension in the cryptostomes relates directly to the 
polypide size and form, a relationship not observed in 
trepostome studies (see Tables 10-46, showing species 
dimensions and variability). Consistency of chamber 
dimensions (with resultant low coefficients of varia- 
tion) and shape, however, indicate greater need for 
constancy of size and form than would be needed sim- 
ply to satisfy structural constraints. Once formed, 
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Table 5b.—Comparison of internal taxonomic characters in 11 genera of fenestellid and polyporid bryozoans. 


. Branches 
A. outline in cross-section 


B. branch depth (thickness of others) 


2. Autozooecial chambers 
A. size 


B. emplacement 
C. axial wall trace 


D. onentation of elongation 


E. outline 
1. near reverse wall 


2. at mid chamber 


3. near obverse surface 


F. vestibules 
1. presence/absence 
2. length 
G. hemisepta 
1. superior 
a. presence or absence 


b. development and location 


2. inferior 
a. presence or absence 
b. development and location 


H. lateral-wall budding-angle (mean and range) 


I. reverse-wall budding-angle (mean and range) 
J. microstructure 
1. exterior lamellar skeleton 
a. thickness 
b. secondary astogenetic thickening 


2. interior granular skeleton 
a. thickness 


b. secondary astogenetic thickening 
K. three-dimensional form 


Rectifenestella 
Morozova, 1974 
(Late Silunan— 
Permian) 


ovate, elliptical, 
circular, or 
semicircular 

shallow to medi- 
um 


small to interme- 
diate 


biserial 
sinuous to zigzag 


parallel to reverse 
wall 


triangular to irreg- 
ularly pentago- 
nal 

triangular to irreg- 
ularly pentago- 
nal 


bilobate-elliptical 


present 
short to long 


present 


poor to interme- 
diate 


absent 


23°-30° (means) 


68°-7 1° (means) 


thin 
moderate to pro- 
nounced 


thin to intermedi- 
ate 

none 

moderately to 
highly cuneate 


Laxifenestella 
Morozova, 1974 


(Devonian—Permian) 


circular to ovate 


shallow to thick 


intermediate 


biserial 
straight to sinuous 


parallel to reverse 
wall 


irregularly ovate 
or elliptical 


rectangular, paral- 
lelogram- 
shaped, irregu- 
larly pentago- 
nal, or elliptical 

bilobate-elliptical 
or bilobate- 
ovate 


present 
short to long 


present 


moderately to 
well-developed 


present 

well-developed on 
mid reverse, 
and proximal 
walls 

20°-27° (means) 


57°-77° (means) 


thin to thick 
moderate to pro- 
nounced 


intermediate to 
thick 

none 

box to rounded 
box with inden- 
tations 


Minilya 
Crockford, 1944 
(Early Devonian— 

Early Permian) 


circular to ovate 


thick 


intermediate 


monoserial 
zigzag 


parallel to reverse 
wall 


triangular 


tnangular or ir- 
regularly pen- 
tagonal 


irregularly ellipti- 
cal 


present 
short to long 


present 
poorly to well-de- 


veloped 


absent 


22°-25° (means) 
74°-89° (means) 
thick 
pronounced 
thick 


slight 


cuneate 


chambers exhibit minimal or no internal thickening 
by addition of lamellar or granular skeletal material. 
Highly symmetrical placement and often elaborate 
shapes of superior and inferior hemisepta in the fe- 
nestrates (shown in Pls. 6, 8-10, 12, 13, 16, 17) divide 
chambers in such ways as to suggest differential de- 
velopment of polypides among species. Uniform spac- 
ing of apertures along the branch, across the branch, 


Exfenestella 
Morozova, 1974 
(Devonian— 
Permian) 


circular to ovate 


medium 


intermediate 


biserial 
sinuous 


parallel to proxi- 
modistal cham- 
ber axis 


asymmetrical dia- 
mond-shaped 


asymmetrical par- 
allelogram- 
shaped or rect- 
angular 


bilobate-elliptical 


present 
intermediate 


present 

moderately well- 
developed 

present 

well-developed on 
proximal side 

25° (mean) 

71° (mean) 

thick 

moderate 

thin 

none 

rectangular box 


with indenta- 
tions 


Banastella, n. gen. 
(Mississippian) 


circular, ovate, or 
elliptical 


shallow to thick 


typically large, less 
commonly inter- 
mediate 

biserial 

straight to slightly 
sinuous 


parallel to proxi- 
modistal lateral 
chamber wall 


triangular, irregu- 
larly pentagonal, 
to ovate 

irregularly rectan- 
gular, parallelo- 
gram-shaped, to 
irregularly pen- 
tagonal 

irregularly ovate to 
elliptical 


present 
short to long 


typically absent, 
present in one 
species 

short, on proximal 
vestibular edge 


absent 


16°-22° (means) 


22°-55° (means) 


thin to thick 
slight to pro- 
nounced 


thin to thick 


slight 

irregular to slightly 
irregular rectan- 
gle to parallelo- 
gram 


and frequently between branches in many fenestrates 
and uniform closest packing of aperture centers in the 
rhabdomesoids reflect relatively symmetrical chamber 
positioning in both suborders. Symmetry of placement 
also indicates exploitation of a consistent area around 
the aperture opening for each lophophore and, there- 
fore, a constant size for this feeding organ. Constant 
number and regular placement of apertural stylets in 
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Cubifenestella, 
n. gen. 
(Mississippian) 


Apertostella, n. gen. 
(Mississippian) 


Hemitrypa 
Phillips, 1841 
(Silurian—Permian) 


ovate, elliptical, or cir- 
cular 


thick to medium 


intermediate 


monoserial or biserial 
sinuous to zigzag 


depth and length of 
chamber approxi- 
mately equal 

triangular to ovate 


irregularly pentagonal 
to rectangular 


pentagonal, rectangu- 


lar, elliptical, square, 


or ovate 
present 


short to long 


absent 


absent 


18°-37° (means) 
64°-8 1° (means) 
intermediate to thick. 
moderate to pro- 

nounced 
intermediate to thick 
moderate 


regular cubic to irregu- 
larly rectangular box 


polygonal, ovate, or el- 
liptical 


medium to thick 


intermediate 


biserial 
sinuous to zigzag 


parallel to reverse wall 


tnangular, polygonal, 
or irregularly pentag- 
onal 

irregularly pentagonal, 
rectangular, to ellip- 
tical 


irregularly elliptical to 
ovate 


present 
short to intermediate 


absent 


absent 


22°-25° (means) 

67°-69° (means) 

intermediate to thick 

moderate to pro- 
nounced 


intermediate to thick 


none 
rectangular box 


circular, ovate, or ellip- 
tical 


medium to very thick 


intermediate 


biserial 
straight to sinuous 


parallel to reverse wall 


ovate, elliptical, irregu- 
larly pentagonal, to 
triangular 

irregularly pentagonal, 
rectangular, to paral- 
lelogram-shaped 


ovate to elliptical 


present 
short to long 


absent 


absent 


17°-23° (means) 
60°-77° (means) 
intermediate to thick 
moderate to pro- 

nounced 
intermediate to thick 
none 


irregularly rectangular 
to cubic box 


some fenestrates suggest a functional interpretation of 
these structures as possible tentacle guides, as does the 
presence of such stylets as tentacle guides in modern 


species. 


Jackson and Cheetham (1990, p. 579), in a work on 
cheilostome Bryozoa, justify the significance of a sta- 
tistically rigorous approach to bryozoan taxonomy. 
Employing breeding experiments and protein electro- 


Archimedes 
Hall, 1858 
(Mississippian— 
Permian) 


Fenestralia 
Prout, 1858a 
(Mississippian) 
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Polypora 
McCoy, 1844 
(Ordovician—Permian) 


circular, ovate, or ellip- 
tical 


thin to thick 


small to intermediate 


biserial 
sinuous 


parallel to reverse wall 


irregularly pentagonal 
to triangular 


irregularly pentagonal 


irregularly elliptical to 
irregularly ovate 


present 
short to intermediate 


absent 


absent 


20°-27° (means) 
58°-70° (means) 
intermediate to thick 
moderate to pro- 

nounced 
intermediate to thick 
none 


slightly irregularly rect- 
angular box 


circular, ovate, or po- 
lygonal 


thick 


intermediate 


quadrisenal 

straight adaxially, 
straight to sinuous 
abaxially 

parallel to proximodis- 
tal lateral chamber 
wall 


ovate 
irregularly pentagonal, 


rectangular, to paral- 
lelogram-shaped 


bilobate-ovate 


present 
intermediate 


present 
poor, on vestibular 


edge 


absent 


17° adaxially, 51° abax- 
ially (means) 
42° (mean) 


intermediate 
moderate 


intermediate 
none 


slightly irregular cylin- 
der 


elliptical, ovate, circu- 
lar, or polygonal 


thick 


intermediate to large 


triserial to quadriserial 
straight to sinuous 


parallel to proximodis- 
tal lateral chamber 
walls 


ovate, diamond-shaped, 
circular, to pentago- 
nal 

elliptical, rectangular, 
hexagonal, ovate, to 
circular 


ovate, circular, bilobate- 
ovate, to elliptical 


present 
intermediate to long 


absent 


absent 


°-12° adaxially, 25°- 
47° abaxially (means) 
18°-77° (means) 


intermediate to thick 
slight to pronounced 


intermediate to thick 
none 


polygonal or irregular 
cylinder 


phoresis, they observe that “‘skeletal characters of the 
kinds typically available in fossil material are indeed 
sufficient to discriminate biologic species of living chei- 
lostome Bryozoa.”’ With cheilostomes providing a good 
analogue for fenestrate Bryozoa, their work adds con- 
fidence to fossil studies of this nature. 
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Table 6.—Key to Warsaw genera of the Fenestellidae and Polyporidae. 


la. typically two rows of autozooecia across branch, except proximal to sites of branch bifurcation where two, three, or four rows are 
presenti(=Family:Fenestellidae)) yo eerrec cise ctoe en Fer Tore ie eee PNET OU RTs eer RE a ea go to 2 

lb. typically ranging from three to five rows of autozooecia across branch except proximal to sites of branch bifurcation, where five to 
Sevensrowsarespresent:(=KamilysPolyporndac)iasae ce ei ticrcie ee tinie ite ini erie een eee eee go to Il 
2a. autozooecial chambers small to lower-end intermediate in size suv lise fetvaya fist bldvapadapahanst tava’ Gaahaile ayepsteyacedeue eres eee Oho See eee go to 3 
2bs autozooecialichambersizeantermediatestomlarpey cn cree oe elect state eis eee ee re eee ee eee eee go to4 

3a. superior hemiseptum absent, chamber form an irregular rectangular box, well-developed central axis of lamellar skeleton from which 
mesh) projectsiin:dextrallorsinistralicorkscrew tashiony.2 2-2 ee iccist sce eee ele een nnn Archimedes 

3b. superior hemiseptum poorly to intermediately developed at proximal eat Ey: edge, chamber form moderately to highly cuneate . 
PA CR hr Ser aera one oso ae Gum riacaee EROS DIEU CC Oe aa rane AE Gm in Ga aaA nace cc: Rectifenestella 

4a. renculete meshwork develops aton Geren ronal anches each opening in mesh approximately covering one zooecial chamber ... 
see ae sae gare ty cnetecadope hy = artes steward) oie cee tony oceny eens aes ru SoieT eicen sees ruler or tceeatel cheers TY ce aS ONE PR ATSC cee TE re reer ee ne Hemitrypa 
A4bsereticulate-meshworksabsenty 3 serrcis ya osteo steers ereverate arene ese oeicucneve sears) searersist cree ee neater ere Ree ereee ae ea go to 5 
ac) SUPErION hemiseptum /presentitce. wavcrcietpens chi tie hea ease Meee one OTR eee Rene me ee ne era eee go to 6 
obs csuperionhemiseptumvzabsent) Seana tects ike ceieterg a oc meer eter its nro ia ea eae I) ee ee go to 9 
GaSsinferiorhemiseptumijpresent: serctesra serrate eer oie ere Nene sre ae rere ree erne creer em Te Tone ae rr go to7 
Obs cinferiorshemiseptumabsenty, -nieryee certs e etcetera eas I nee e Fie, PT nine SoS an area roto ns aE go to 8 

7a. inferior hemiseptum well-developed, positioned between middle reverse Sand literal proximal wall, apertural stylets absent, chamber 
elongate parallelito;reverse walliproximodistally, precept rer cteren teierereneterireeeeeeeeeee Laxifenestella 

7b. inferior hemiseptum well-developed, positioned at proximal side of distal lateral chamber wall, apertural stylets present, chamber 
elongate parallelito: proximaliandidistalllateral chamberiwallsi aaac qserse siete tere vetciecinicte)s eesieieie ieee eee Exfenestella 

8. two sizes of apertural stylets present; small ones filling peristomal gap, ie ones positioned’ one acne on adaxial and abaxial edges 
of aperture extending either slightly proximally or distally .. . ese eatane ici) ean Of eto Mev sued Suacleve anay Sree rereve hate GWav dots Le Fee tse ee Minilya 

9a. reverse-wall budding-angle less than 55°, ranging to as low as 22°; spent fare chamber elongate parallel to proximal and distal 
lateralicham bercwall sts catia cscvie: ctrcit tee cicke ietetar easy apace RTs cies ee Te Me RI STN SINS TSS ron TE tonne ae eee ener Banastella 
9b. reverse-wall budding-angle greater than 55° mri etey Syare Suh csierretehech si ane rev euiageteusek aves ol ahi Yor aqs fess wGagacayucer ev atcavate alist ietetizis ciate eee teeter go to 10 

10a. chamber depth and length approximately equal; chambers open at a slight to pronounced angle toward and into the fenestrule, and 
two rows of autozooecia across branch proximal to sites of bifurcation, but can have third row at site of bifurcation ... Cubifenestella 

10b. chamber elongate parallel to reverse wall; chambers open parallel or approximately parallel to plane of obverse surface, and third row 
ofjautozooecia-at.and proximalitoysites‘of branch) bifurcation’ -.)......2 00. 2220.2 ose es aess se eeeiee cece cieeiesere: Apertostella 

lla. four rows of autozooecia across branch, two adaxial and two abaxial rows crc across plane along midline of branch; adaxial 

chambers bud from reverse wall of branch, abaxial chambers bud from lateral wall of adaxial chambers, making this their reverse 
wall; poorly developed superior hemiseptum present; apertural stylets absent; keel present ............................. Fenestralia 

11b. three to five rows of autozooecia across branch, lacking distinct branch midline separation; adaxial anal Abasial chambers all bud from 


reverse wall of branch; superior hemiseptum absent; apertural stylets present; keel absent ...............0.0.000000.000 00. Polypora 


TAXONOMIC CRITERIA FOR THE DISCRIMINATION 
OF FENESTELLID AND POLYPORID SPECIES 


Species definition within the fenestellids and poly- 
porids has long been difficult, with concepts commonly 
based more on dissimilarities than similarities. Yet 
generic descriptions must be based on sound, biolog- 
ically oriented species concepts. The preceding generic 
characters, criteria, and taxonomic approach were de- 
veloped subsequent to determination of the following 
species concepts. The taxonomic approach herein em- 
phasizes internal zooecial morphology and the statis- 
tical analysis of populations, including but de-empha- 
sizing zoarial features. The traditional meshwork 
formula characters comprise one small part of species 
characterization. 

Descriptive statistics including measures of central 
tendency (thus the typical development of a character) 
and measures of dispersion showing deviation from 
the typical are employed in this study; these measures 
include arithmetic mean, range, standard deviation, 
and coefficient of variation. The value of the latter 
depends on character variability; the greater the con- 
sistency of the character, the lower the value of the 


coefficient of variation and potentially the higher its 
diagnostic value (Anstey and Perry, 1970, 1973; Tav- 
ener-Smith, 1965; Cuffey, 1967; Bork and Perry, 1967). 
Higher coefficients of variation for characters reflect 
generally nongenetic factors, i.e., microhabitat and 
changes related to astogeny (Anstey and Perry, 1970). 
Previous studies stressing statistical comparisons 
(Tavener-Smith, 1965; Bork and Perry, 1967; Horo- 
witz, 1968) of the more consistent zooecial and zoarial 
characters range in coefficient of variation from 4.87 
to 38.62, corresponding quite well to those observed 
in Warsaw species (see Tables 10—46). The charts are 
based on more than 10,000 measurements. Even a 
casual viewing verifies the consistently lower coeffi- 
cients of variation for zooecial characters than zoarial 
characters. The least variable characters are autozooe- 
cial chamber measurements of length, depth and width, 
and the reverse-wall budding-angle (e.g., numbers 36— 
39 and 41): the most variable characters are those of 
zoarial pattern and ontogenetic skeletal accretion (e.g., 
numbers 2-5, 14, 15). The spread of values within each 
of these characters can be an order of magnitude or 
greater. Character lists and their associated morpho- 
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logic statistics are arranged to facilitate use of biometric 
tests such as the t-test or chi-square goodness of fit. 

As considered earlier, zooecial characters presum- 
ably reflect polypide morphologies. Because zooecia 
are conservative within taxa but highly distinctive be- 
tween taxa, zooids presumably were as well (for greater 
detail, see pp. 31-33). Zoarial characters exhibit a much 
broader range of phenotypic variability than do zooe- 
cial characters. The more consistent the interspecific 
character’s expression (/.e., the lower the coefficient of 
variation), the potentially greater that character’s use 
in species differentiation. 

Taxon concepts were evolved in the following se- 
quence: 

(1) Shales and calcareous interbeds of the Warsaw 
were collected by horizon. Samples were washed and 
sieved in the laboratory and bryozoans were picked. 

(2) Specimens were grouped based on exterior sim- 
ilarities, thus grouping similar morphs. Obverse sur- 
faces were relied upon almost exclusively, as homeo- 
morphy between reverse surfaces of species in the 
fenestrates 1s pronounced. 

(3) Where material was available, 12 zoarial frag- 
ments from each group were photographed on both 
exterior surfaces and impregnated in epoxy. Where 
fossil fragments were incorporated in calcareous slabs, 
photographs of the specimen with obverse surfaces ex- 
posed were taken and the specimen was subsequently 
impregnated in epoxy. 

(4) Oriented acetate peels were made of all frag- 
ments, providing tangential, transverse, and longitu- 
dinal interior views; serial peels were frequently taken 
to assist in determination of zooecial chamber shape. 

(5) Many specimens and orientations were photo- 
graphed at both low magnification (x 20 and x 40) and 
high magnification (x70), allowing more immediate 
comparison between zoarial fragments. 

(6) Specimens were then resorted based on both ex- 
terior and interior zoarial and zooecial appearance. 
Interior characters necessitated realignment of group- 
ings as some taxa have very similar obverse and reverse 
exteriors, but significantly different interiors. 

(7) Statistical analysis of both zoarial and zooecial 
exterior and interior characters was made; including 
arithmetic mean, standard deviation, coefficient of 
variation, range of character variation (maximum and 
minimum), and number of measurements. Readjust- 
ment of tentative species groups was made following 
these statistical tests. 

(8) Detailed descriptions were prepared based on all 
information, with zooecial and zoarial features de- 
scribed three-dimensionally. 

Characters used for taxon determination are divided 
into zoarial and zooecial groups; this allows ready com- 
parison between characters concerned with colonial 


development, both ontogenetic and astogenetic, and 
those related to individual development, which are 
primarily ontogenetic in the fenestrates (McKinney, 
1980). Quantitative features on which numerical anal- 
yses are based are listed and defined in the following 
section and are illustrated in Text-figures 4-7. Text- 
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Text-figure 4.—Typical zoarial surficial features of meshwork fe- 
nestrates. Obverse (A) and reverse (B) surfaces are illustrated. Ab- 
breviations of characters are defined in Tables 7 and 8 (foldouts). 
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figure 4 provides typical measured zoarial and zooecial 
surface features of an idealized meshwork fenestrate. 
Text-figure 5 illustrates specialized skeletal features 
found in Hemitrypa Phillips, 1841, and Archimedes 
Hall, 1858, along with the measured dimensions of 
these features. Text-figures 6 and 7 provide interior 
measured features for two different meshwork fenes- 
trate species exhibiting the major characteristics found 
in all species. A list of measured characters with ap- 
propriate abbreviations and definitions for the mesh- 
work fenestrates can be found in Table 7; an outline 
of the format of Table 7, to help in interpretation of 
species descriptions and diagnoses, is shown in Table 
8a. Maximum zoarial length and width are included 
in the written descriptions, but not dealt with statis- 
tically, as even the largest zoarial fragments collected 
do not represent complete colonies. 

Zoarial characters exhibit consistently higher coef- 
ficients of variation than do zooecial characters. The 
smallest variation within a species population is found 
in autozooecial chamber dimensions, including cham- 
ber length, width, depth, and aperture dimensions; as 
well as angles formed by the chamber’s emergence from 
the reverse wall and orientation relative to the branch 
center. Spacing of apertural centers down, across, and 
in some specimens between branches also exhibits rel- 
atively low coefficients of variation. Highest coefh- 
cients of variation are observed in characters definitely 
associated with the zoarium such as length and width 
of fenestrule, width of dissepiment, spacing and size 
of nodes and stylets, branch width and thickness (depth), 
and keel and carinal development. Zooecial characters 
are thus emphasized, both empirically and descrip- 
tively. 

Characters used in statistical analysis are outlined 
in Table 8a. This analysis is broken down into those 
characters determined from exteriors and those from 
interiors, as this was found to be the most practical 
means of data gathering. Species data sheets follow this 
outline, as grouping characters separately eases anal- 
ysis. 

To add consistency, all characters for all species are 
treated in one sequence, as shown in Table 8b. Each 
character has a delimiter for range of size, shape, etc. 
within the character. Where possible and appropriate, 
measurements (employing arithmetic mean) and coef- 
ficients of variation are used. It is my hope that the 
Table will allow others to understand the criteria used 
herein. The outline can also provide a guide for further 
work, although it should be emphasized that range of 
size and shape is based solely on Warsaw Bryozoa 
analyzed. 

Table 9 provides a taxonomic list of Warsaw species 
analyzed in the order in which they are presented in 
the systematics section. 


SYSTEMATIC PALEONTOLOGY 


TAXONOMIC PHILOSOPHY 


Modern biological and paleontological concepts of 
species are significantly different, basically due to the 
nature of available data. Biologists can apply breeding 
experiments and/or protein electrophoresis to discrim- 
inate biologic species of living Bryozoa. Through ob- 
servation, it is possible for biologists to determine if 
they are dealing with members of the same biological 
species as well as to delimit, through analysis of in- 
dividuals, the boundaries of phenotypic expression of 
the genotype. In spite of the paucity of comparable 
data available to the paleontologist, it is imperative 
that fossils be classified in the most biologically correct 
fashion possible. 
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Text-figure 5.—Characters measured in the reticulate meshwork 
of Hemitrypa (A, B) and the central spire or axis of Archimedes (C). 
Abbreviations of measured characters are defined in Tables 7 and 
8 (foldouts). 
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For paleontologists to emphasize features of biolog- 
ical significance in their classification schemes requires, 
in a real sense, working in reverse, compared to the 
way a biologist analyzes species. Biologists employ soft- 
part analysis as a major aspect of systematic descrip- 
tion, with skeletal components significant but in many 
respects occupying a supportive role. In Warsaw Bryo- 
zoa, the phenotypic expression of the genotype is locked 
in the superbly preserved skeletal remains. 

The task of the paleontologist is to attempt to re- 
produce soft body structures through interpretation of 
the preserved skeletal remains. In the Warsaw fenes- 
trates, this can be accomplished in several ways. The 
first is to employ modern analogs, such as the chei- 
lostome Bryozoa, for comparison with the Paleozoic 


TRANSVERSE SECTION 


B 


fenestrates. Although it is not possible to reproduce 
the appearance of the polypide in the fenestrates, we 
can assume that the size and shape of the polypide is 
as consistent as it is in modern cheilostomes. Second, 
through careful measurement of zooecial chambers, it 
was found that chambers exhibit extremely consistent 
sizes and through reconstruction of chambers it was 
also determined that within species they have highly 
constant shapes. Thus, we now have not only deter- 
mined skeletal physical dimensions, but have, through 
interpretation of these measurements and comparison 
with modern species, been able to reconstruct inter- 
preted soft-part sizes and shapes. Through such a com- 
bination, we satisfy not only classic paleontological 
prerequisites, but also provide a more accurate bio- 
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Text-figure 6.—Characters measured in the interior of Banastella guensburgi. Transverse (A, B), tangential (C), and longitudinal (D) section 
views are shown. Abbreviations of measured characters are defined in Tables 7 and 8 (foldouts). 


38 PALAEONTOGRAPHICA AMERICANA, NUMBER 57 


logical interpretation of fossil species. Biologically sig- 
nificant characteristics are emphasized in the taxonom- 
ic descriptions and diagnoses of fenestrate Bryozoa 
herein, as such characters assist in establishing a less 
artificially constructed classification. 

The species concepts applied herein are a significant 


TRANSVERSE SECTION 


B TANGENTIAL SECTION 


Text-figure 7.—Characters measured in the interior of Cubifenes- 
tella usitata. Transverse (A), tangential (B), and longitudinal (C) 
views are shown. Abbreviations of measured characters are defined 
in Tables 7 and 8 (foldouts). 


departure from those of most previous workers, ex- 
cluding McKinney (1980). Whether such a departure 
is necessary 1S a question answered by the numerous 
problems encountered when attempting to classify a 
fenestrate species. I became interested in taxonomic 
difficulties in the fenestrates while analyzing bryozoan 
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Table 9.—Taxonomic list of Warsaw meshwork fenestrate species. 
Numbers assigned to species are used in illustrations elsewhere in 
this paper. 


Order Cryptostomata Vine, 1884 
Suborder Fenestelloidea Astrova and Morozova, 1956 
Family Fenestellidae King, 1849 
Genus Rectifenestella Morozova, 1974 
1. Rectifenestella tenax (Ulrich, 1888) 
2. Rectifenestella tenuissima (Cumings, 1906) 
3. Rectifenestella multispinosa (Ulrich, 1890) 
Genus Laxifenestella Morozova, 1974 
4. Laxifenestella coniunctistyla, n. sp. 
5. Laxifenestella maculasimilis, n. sp. 
6. Laxifenestella serratula (Ulrich, 1890) 
7. Laxifenestella fluctuata, n. sp. 
Genus Minilya Crockford, 1944 
8. Minilya sivonella, n. sp. 
9. Minilya paratriserialis, n. sp. 
Genus Exfenestella Morozova, 1974 
10. Exfenestella exigua (Ulrich, 1890) 
Genus Banastella, n. gen. 
11. Banastella guensburgi, n. sp. 
12. Banastella cingulata (Ulrich, 1890) 
13. Banastella mediocreforma, n. sp. 
14. Banastella limitaris (Ulrich, 1890) 
15. Banastella biseriata (Ulrich, 1890) 
16. Banastella delicata, n. sp. 
Genus Cubifenestella, n. gen. 
17. Cubifenestella rudis (Ulrich, 1890) 
18. Cubifenestella usitata, n. sp. 
19. Cubifenestella globodensata, n. sp. 
Genus Apertostella, n. gen. 
20. Apertostella foramenmajor, n. sp. 
21. Apertostella crassata, n. sp. 
22. Apertostella venusta, n. sp. 
Genus Hemitrypa Phillips, 1841 
23. Hemitrypa perstriata Ulrich, 1890 
24. Hemitrypa hemitrypa (Prout, 1859) 
25. Hemitrypa aprilae, n. sp. 
26. Hemitrypa aspera Ulrich, 1890 
27. Hemitrypa vermifera (Ulrich, 1890) 
Genus Archimedes Hall, 1858 
28. Archimedes negligens Ulrich, 1890 
29. Archimedes owenanus (Hall, 1857b) 
30. Archimedes wortheni (Hall, 1857b) 
31. Archimedes valmeyeri, n. sp. 
Family Polyporidae Vine, 1884 
Genus Fenestralia Prout, 1858a 
32. Fenestralia sanctiludovici Prout, 1858a 
Genus Polypora McCoy, 1844 
33. Polypora gracilis Prout, 1860 
34. Polypora varsoviensis Prout, 1858a 
35. Polypora spininodata Ulrich, 1890 
36. Polypora simulatrix Ulrich, 1890 
37. Polypora retrorsa Ulrich, 1890 


fossils from the Guadalupian age Gerster Formation 
of northeastern Nevada in 1972. Although challenging, 
the trepostomes, cystoporates, and other cryptostomes 
were recognizable from previous works or at least de- 
scribable from materials and references that were avail- 
able. The fenestrates, on the other hand, were seem- 
ingly impossible to work with employing existing 


techniques. It was this difficulty, and my introduction 
to the superbly preserved Warsaw fenestrates by Dan 
Blake, that led me to undertake this project. 

Thorough specimen analysis is critical for accurate 
species assignment and taxonomic analysis. As indi- 
cated throughout the text, reliance on methods that 
measure and/or describe symmetry of the fossil, fre- 
quently ignoring characters that have taxonomic sig- 
nificance, has been a major problem in fenestrate tax- 
onomy. 4 priori determination of significant taxonomic 
characteristics, without benefit of complete and de- 
tailed comparison of those characters within and be- 
tween species has been a common failing of taxonomic 
works, and has been a major weakness in the Bryozoa. 
The great number of characters employed herein re- 
flects the numerous significant taxonomic character- 
istics present in the fenestrates. Numerical manipu- 
lation of the raw data generated by this study was 
undertaken by Hageman (1987) and Snyder and Kepler 
(1987) to determine which of the measured characters 
were significant and if the number of characters could 
be significantly reduced while still allowing accurate 
species determination. Based solely on numerical 
means, species assignments were well confirmed with 
as few as 15 characters, zooecial characters being the 
most significant. Although this reduced number of 
characters would allow recognition within a described 
fauna, both Hageman and I found that virtually ail 
characters had significance at the species level. Further 
numerical work is in progress, and analysis to date 
strongly supports detailed character measurements and 
descriptions. 

New species and genera are based on readily distin- 
guishable zooecial chamber differences between spe- 
cies; differences in shape, size, apertural characteristics, 
accessory features such as hemisepta, and variation in 
chamber placement within the zoarium. Zoarial char- 
acters are employed, but to a much lesser degree than 
zooecial ones. A difficulty arises with comparison to 
previously established species and genera, as their de- 
scriptions frequently do not contain what appear to be 
the most significant taxonomic characters. This prob- 
lem is due, in part, to incomplete sections, inadequate 
descriptions, and use of two-dimensional rather than 
three-dimensional analyses in most previous works on 
fenestrates. For this reason, Warsaw fenestrates were 
separated into what appeared to be species groupings 
prior to comparison of the Warsaw fauna with species 
previously assigned by Ulrich and other workers. Many 
new species were the result of exterior homeomorphy 
between species that exhibited pronounced interior 
dissimilarities. 

Finally, once measurements and significant features 
have been determined, it is imperative to present such 
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information in a consistent format that allows accurate 
comparison within and between species. 


ABBREVIATIONS OF REPOSITORY INSTITUTIONS 


Specimens and lithologic samples collected for this 
study are all reposited in the collections of the De- 
partment of Geology, University of Illinois. Addresses 
and acronyms of this and other specimen repositories 
are listed below. It is unfortunate that, in spite of ex- 
tensive searching, so few of Ulrich’s original types could 
be located. The quality of specimen illustration and 
thin-section reproduction in his published works proved 
invaluable for species recognition. 


AMNH: American Museum of Natural History, New 
York, NY. 

ISGS (ISM): Illinois State Geological Survey, Urbana, 
IL: 

USNM: United States National Museum of Natural 
History, Smithsonian Institution, Washington, DC. 

UI X: University of Illinois, Urbana, IL. 


Materials from this study housed at the University 
of Illinois have type numbers (UI-X .. .) assigned to 
the fossil fragment. One number is assigned to each 
fragment. Many fragments were embedded in epoxy, 
and acetate peels were prepared to illustrate chamber 
and colony characteristics in different sectional views. 
An alphanumeric designator is given to each peel fol- 
lowing the appropriate UI X number. For example, in 
the explanation of Plate 1, figure 5 (p. 192), UI X-6799 
is followed by the peel designator FF-69. This desig- 
nator indicates that the photograph was taken from 
peel #69, stored in box FF, and belongs to hypotype 
UI X-6799. This procedure protected peels by housing 
them in dust-proof peel [=thin-section] boxes while 
research continued, and the same storage procedure 
was followed when type assignments were made. Should 
readers desire access to specific peels, use of peel des- 
ignators in the above fashion will facilitate their rapid 
retrieval. 

The information enclosed in brackets in taxonomic 
synonymies indicates the stratigraphic and geographic 
locations of the specimen or specimens referred to by 
the indicated authors. 

In photographic plates, dashed lines are employed 
to add continuity to portions of the same colony that 
would otherwise appear disjunct. 


SYSTEMATICS 


Family FENESTELLIDAE King, 1849 


Zoaria fan-shaped, constructed of branches that bi- 
furcate at regular to variable intervals. Branches con- 
nected at varying distances by dissepiments (transverse 


links lacking autozooecial chambers), which may or 
may not have apertures opening onto the dissepiment 
edge. Each individual (autozooecium) of the zoarium 
has single apertural opening; openings occur only on 
the front or obverse surface of the fan, the back or 
reverse surface being without apertural openings. Two 
rows of zooecia typically are present across each branch. 
Exterior obverse ornamentation can consist of longi- 
tudinal keels (referred to as carinae by some authors); 
nodes of various forms positioned along branch sur- 
faces and/or on dissepiments; stylets positioned down 
the branch, on dissepiments, and/or around apertures; 
peristomal structures; and heterozooecial features. Re- 
verse exterior surfaces commonly exhibit longitudinal 
striae, microstylets and macrostylets of varying sizes, 
zoarial supports, and show pronounced character 
changes with astogeny. Interior features include au- 
tozooecial chamber shape and orientation, presence of 
superior hemiseptum (adjacent to obverse interior wall) 
or inferior hemiseptum (adjacent to reverse interior or 
lateral chamber walls), vestibule and terminal dia- 
phragms. Interior characters are considered in detail 
under the species and genera. 

Range.— Ordovician to Triassic. Many genera are 
long-ranging and abundant. 

The Warsaw genera Rectifenestella Morozova, 1974, 
Laxifenestella Morozova, 1974, Minilya Crockford, 
1944, Exfenestella Morozova, 1974, Banastella, n. gen., 
Cubifenestella, n. gen., Apertostella, n. gen., Hemitrypa 
Phillips, 1841, and Archimedes Hall, 1858 are included 
in this family. The genus Fenestella Lonsdale, 1839 
should also be included, but needs redefinition from 
the type materials. As currently defined, Feneste/la does 
not appear to be present in the Warsaw, but this genus 
does belong in the Fenestellidae. 


Genus RECTIFENESTELLA Morozova, 1974 
Text-figure 8 


Type species.— Fenestella medvedkensis Shulga-Nes- 
terenko, 1951. [Upper Carboniferous, Kasimovian 
Stage; Russian Platform]; Morozova, 1974. pp. 175- 
176; pl. 4-1. 

Typical Warsaw species.—Fenestella tenax Ulrich, 
1888, p. 71. [Waverly Group, Devonian, Ohio]. 

Diagnosis.—Zoarium robustness delicate to inter- 
mediate, mesh close to intermediate; characteristic tri- 
angular to pentagonal chamber outline in mid tangen- 
tial section, chamber size small to intermediate, 
aperture size small to intermediate, poorly developed 
superior hemiseptum present, chamber reverse-wall 
budding-angle approximately 70°. 

Three-dimensionally reconstructed chamber form 
moderately to highly cuneate. 

Description.—Zoarium robustness delicate to inter- 
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mediate, expansion flat to slightly obversely curved 
with mesh spacing close to intermediate, mesh uni- 
formity regular to irregular. 

Branches narrow, straight to curved, surface profile 
rounded to moderately flat. Keel present, single, nar- 
row to intermediate width, straight to anastomosing; 
width increases and keel frequently covered by lamellar 
skeleton during astogeny. Nodes present, monoserially 
emplaced, intermediate in size, circular to ovate in 
shape, located atop middle of keel, closely spaced. Ob- 
verse stylets present, small, occurring across obverse 
branch surface. Reverse surface typically bearing mi- 
crostylets, small to intermediate in size, developed atop 
longitudinal striae. Autozooecia in two rows, third row 
at sites of branch bifurcation. Heterozooecia (ovicells?) 
present in some species. 

Dissepiment width thin to intermediate; short to 
intermediate in length and regularly emplaced. 

Fenestrule size small to intermediate, shape ranging 
from rectangular to elliptical to square. 

Aperture size small to intermediate, circular to ovate 
in shape, oriented parallel to plane of obverse surface 
or at a low angle toward fenestrule. Peristome present, 
complete or incomplete, open at proximal edge; ap- 
ertural stylets occurring in peristomal gap. Terminal 
diaphragms present, most commonly occurring toward 
proximal end of zoarium. 

Branches ovate, elliptical, circular to semicircular in 
cross-section; shallow to medium in depth. 

Autozooecial chambers small to intermediate in size, 
biserially emplaced, axial wall trace sinuous to zigzag. 
Maximum chamber length parallel to reverse wall in 
proximodistal direction. Chamber outline in tangential 
view triangular to irregularly pentagonal near reverse 
wall and throughout mid chamber, bilobate elliptical 
near obverse surface (Text-fig. 10). Vestibule present, 
short to long. Superior hemiseptum present, poorly to 
intermediately developed at proximal vestibular edge; 
inferior hemiseptum absent. Lateral-wall budding-an- 
gle varying between 23° and 30° (means); reverse-wall 
budding-angle varying between 68° and 71° (means). 
Lamellar skeletal layer thin, exhibiting moderate to 
pronounced astogenetic thickening; granular skeletal 
layer thin to intermediate, exhibiting no astogenetic 
thickening. 

Three-dimensionally reconstructed chamber form 
moderately to highly cuneate. 

Text-figure 8 illustrates zoarial outlines in longitu- 
dinal, tangential, and transverse orientations, and three- 
dimensional chamber reconstructions from distal, ab- 
axial branch edge, and obverse surface views. 

Remarks.—General chamber shape is quite similar 
to that of Minilya Crockford, 1944, as are development 
of superior hemisepta and general autozooecial cham- 


ber size. Rectifenestella is distinguished by typically 
having a less cuneate chamber shape, by lacking the 
large biserially arranged apertural stylets that are char- 
acteristic of Minilya, and by having a generally lower 
reverse-wall budding-angle. 

The generic concept is expanded from that of Mo- 
rozova through use of a three-dimensional approach; 
this genus is readily recognized among Warsaw fenes- 
tellids. The age of species (Late Silurian to Permian) 
assigned to this genus by Morozova easily encompasses 
the age of the Warsaw. 

Assignment of F. serratu/a Ulrich, 1890, and F. rudis 
Ulrich, 1890, to this genus is incorrect according to 
three-dimensional study of autozooecial chamber shape 
and placement of hemisepta. F. serratula, herein as- 
signed to Laxifenestella Morozova, 1974, has a box- 
like rather than cuneate chamber form in three-di- 
mensional view and well-developed superior and 1n- 
ferior hemisepta, whereas species of Rectifenestella lack 
inferior hemisepta. F. rudis, herein assigned to Cubi- 


fenestella, n. gen., has a box-like chamber form in three- 


dimensional view and lacks both superior and inferior 
hemisepta. R. multispinosa Ulrich, 1890, is correctly 
assigned to this genus, as suggested by Morozova. 

Problems with Morozova’s assignment of species to 
this genus are due largely, if not solely, to the lack of 
adequate three-dimensional analysis. Her work, based 
almost exclusively on obverse surficial view, does not 
allow for recognition of chamber form and hemiseptal 
development, two of the characters most critical for 
generic assignment. 

Specific composition.—Over 100 species were rec- 
ognized by Morozova (1974); this number would be 
reduced by following emended diagnosis provided here. 
Three Warsaw species are included in this genus: R. 
tenax (Ulrich, 1888), R. tenuissima (Cumings, 1906), 
and R. multispinosa (Ulrich, 1890). 

Range.—Late Silurian to Permian (Morozova, 1974). 


Rectifenestella tenax (Ulrich, 1888) 
Plates 1, figures 1-12, Plate 2, figures 1-3; Table 10 


Fenestella tenax Ulrich, 1888, p. 71; Ulrich, 1890, p. 546, pl. 51, 
figs. 2-23; Nekhoroshev, 1926, p. 1248, pl. 19, fig. 12; Condra 
and Elias, 1944, pp. 99-102, pl. 21, figs. 1-4; Elias and Condra, 
1957, pp. 106-107, pl. 10, figs. 1, 2; Trizna, 1958, p. 132, pl. 38, 
figs. 1-4; Burckle, 1960, pp. 1084-1085, pl. 131, fig. 2. 

Fenestella tenax Ulrich (?). Cumings, 1906, p. 1279, pl. 30, fig. 1; 
pl. 21, figs. 1-la. 

Fenestella submicroporata Shulga-Nesterenko, 1952, pp. 35-36, fig. 
15; pl. 4, fig. 2. 


Diagnosis.—Zoarium delicate, mesh close, pattern 
irregular; branches delicate, width narrow, thickness 
thin, straight to slightly curved in trace, transversely 
ovate, moderately closely spaced; branches joined at 
highly regular intervals by thin, short dissepiments. 
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Table 10.—Summary numerical analysis of Rectifenestella tenax 
(Ulrich, 1888). For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.2641 0.0498 18.86  0.190-0.350 
2. DBC 24 0.4612 0.0533 16.56  0.380-0.548 
3. WD 24 0.1268 0.0283 22.32 0.093-0.187 
4. LF 24 0.3368 0.0504 14.96  0.228-0.413 
5. WE 24 0.2143 0.0332 14.93 0.158-0.283 
6. AF 24 2:25 0.51 20.43 2-3 
7. AL 24 0.0644 0.0074 11.49. 0.050-0.082 
9. ADB 24 0.2307 0.0211 91S 0.195-0.278 
10. AAB 24 0.2821 0.0443 15.70  0.220-0.355 
11. ABB 24 0.3014 0.0714 23.69 0.213-0.499 
12. DN 24 0.0954 0.0180 18.87  0.065-0.143 
14. SNB 24 0.2248 0.0360 16.01 0.167-0.293 
15. WK 24 0.0781 0.0163 20.87  0.048-0.100 
16. DSO 24 0.0081 0.0012 14.81  0.006-0.011 
17. SSO 24 0.0419 0.0170 40.57 0.020-0.077 
18. WP 24 0.0208 0.0075 36.06 0.011-0.038 
19. SA 24 6.42 1.02 15.86 5-8 
20. SAD 24 0.0306 0.0088 28.76 0.018-0.058 
21. RSL 24 0.0609 0.0261 42.86 0.022-0.112 
23. SSL 24 0.0919 0.0361 39.28  0.042-0.227 
30. OL 1S 0.1306 0.0240 18.38  0.090-0.178 
31. OW 15 0.1213 0.0215 17.72  0.083-0.167 
32. TRW 24 0.0071 0.0012 16.90 —0.005-0.009 
33. TLW 24 0.0076 0.0011 14.48  0.005-0.009 
34. FWT 24 0.0295 0.0169 57.29 0.009-0.066 
35. RWT 24 0.0535 0.0367 68.60 0.018-0.149 
36. CL 24 0.1840 0.0041 2.23. 0.179-0.195 
37. CD 24 0.1003 0.0061 6.08  0.092-0.114 
38. MAW 24 0.1037 0.0080 qa 0.089-0.122 
40. VD 24 0.0449 0.0168 37.42 0.027-0.076 
41. RA 24 70.75 5.42 7.67 62-82 
42. LA 24 30.63 4.74 15.49 19-39 
43. TB 24 0.2170 0.0300 13.82 0.159-0.271 


Fenestrules small; shape rectangular, elliptical to rarely 
square, moderately regular in shape. Autozooecial ap- 
ertures very small, shape circular, surrounded by well- 
developed incomplete peristome open only at proxi- 
mal-adaxial edge; two to three (most commonly two) 
apertures per fenestrule. Single intermediate-width keel 
along middle of obverse branch, atop which are po- 
sitioned intermediate-size, circular to ovate nodes. Au- 
tozooecial chamber size upper-end small, emplaced in 
two rows, except third row at sites of branch bifurca- 
tion; outline triangular to irregularly pentagonal near 
reverse wall and throughout most of chamber, becom- 
ing irregularly bilobate-elliptical near obverse surface. 
Chambers elongate proximodistally, parallel to reverse 
wall. Aperture at distal-abaxial end of chamber con- 
nected to chamber by short vestibule of variable length. 
Intermediately developed short superior hemiseptum 
present, inferior hemiseptum lacking. Lateral-wall 


budding-angle moderately variable (mean of 30°); re- 
verse-wall budding-angle highly constant (mean of 71°). 
Heterozooecia between nodes along middle of obverse 
branch surface. 

Table 10 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium delicate; expansion 
flat to slightly obversely curved, fan-shaped; mesh close; 
pronounced astogenetic thickening observed in both 
obverse and reverse zoarial lamellar skeleton; external 
zoarial pattern irregular, partially as a result of asto- 
genetic thickening. Probable mature widths 10 to 15 
mm; lengths 20 to 30 mm. 

Branches delicate; narrow, moderately variable in 
width; most commonly straight, some very slightly 
curving toward lateral edge of zoarium. Branches mod- 
erately closely spaced, distance between adjacent branch 
centers regular. Obverse surface slightly granular in 
texture, becoming increasingly so with astogeny; sur- 
face rounded except for single intermediate-width, 
moderately well-developed keel; keel relatively con- 
tinuous, straight to slightly anastomosing, extending 
along branch midline and causing positive inflection 
on obverse surface. With astogeny, keel frequently cov- 
ered by lamellar skeleton. Single row of well-developed 
intermediate-size nodes, shape circular to ovate, elon- 
gate proximodistally; size and shape of nodes mod- 
erately regular; nodes project from middle of keel in 
straight line; one to three nodes per fenestrule length, 
two most common; closely and evenly spaced; node 
diameter increasing with astogeny. Small, regularly 


Text-figure 8.— Rectifenestella tenax and Rectifenestella tenuissi- 
ma illustrated. 1, diagrammatic longitudinal section of R. tenax 
showing chamber outline from deep section near middle of branch 
(bottom of figure) to shallow section near adaxial edge of branch (top 
of figure), x 70; 2, diagrammatic tangential section of R. tenax il- 
lustrating change in chamber outline from deep section near reverse- 
wall budding-site (bottom of figure) to shallow section near obverse 
surface (top of figure) [Note presence of superior hemiseptum at 
proximal vestibular edge (arrow).], x 70; 3, diagrammatic transverse 
sections across branch of R. tenax illustrating short superior hemi- 
septum (arrow) and orientation of the aperture to the obverse surface, 
x 70; 4, diagrammatic longitudinal section of R. tenuissima showing 
chamber outline from deep section (bottom of figure) to shallow (top 
of figure) [Note pronounced similarity in chamber outline between 
this species and R. tenax.], x 70; 5, diagrammatic tangential section 
of R. tenuissima from deep (bottom of figure) to shallow (top of 
figure sectional view [Superior hemiseptum (arrow) is more reduced 
in this species than in R. tenax.], x 70; 6, diagrammatic transverse 
section of R. tenuissima, 70; 7, reconstruction of typical Rectife- 
nestella chamber shape (three-dimensional) as viewed from abaxial 
edge of branch, showing slight inflection of superior hemiseptum 
into chamber (arrow), <140 [R. tenax is used as a representative 
rectifenestellid in this reconstruction.]; 8, reconstruction of typical 
Rectifenestella chamber shape (three-dimensional) as viewed from 
obverse surface; chamber reconstructed is from the right side of 
branch [Moderate displacement of apertures toward abaxial edge of 
chamber is exhibited.], x 140; 9, reconstruction of typical chamber 
shape (three-dimensional) as viewed from distal end of branch; 
chamber reconstructed is from the right side of branch, = 140. 


MISSISSIPPIAN BRYOZOANS: SNYDER 43 


sized and variably positioned stylets across obverse 
branch surface. Reverse surface texture relatively gran- 
ular, becoming more coarsely granular with astogeny; 
bearing a moderate number of rows of closely spaced 
longitudinal striae atop which are positioned closely 
spaced rows of small to intermediate-size macrostylets; 
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macrostylet size and shape highly variable. Macrosty- 
lets increase in diameter with astogeny, becoming more 
irregularly positioned along reverse branch surface; 
longitudinal striae becoming covered through astoge- 
netic thickening of lamellar skeleton. Autozooecia ar- 
ranged in two rows, except third row at sites of branch 
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bifurcation where middle autozooecium evidently 
shared by both branches; pronounced thickening of 
branches proximal, thinning distal to sites of branch 
bifurcation. Circular to slightly ovate depressions (ovi- 
cells?) occurring between nodes along middle of ob- 
verse branch surface; mean diameter of polymorphs 
approximately twice that of autozooecial apertures; no 
direct connection evident between apertural opening 
and polymorphs. 

Dissepiments thin, slightly less than half branch 
width, width variable; short, quite constant in length; 
connecting branches at highly regular intervals. Dis- 
sepiments barlike, slight medial thinning; highly re- 
cessed from obverse, slightly so from reverse surface. 
Pronounced astogenetic thickening of dissepiments. 
Obverse dissepiment surface with two to three longi- 
tudinal striae across dissepiment perpendicular to 
branch length; reverse dissepiment surface with lon- 
gitudinal striae atop which occur rows of stylets; striae 
covered by lamellar skeleton, stylet number decreasing 
and size increasing as dissepiment thickens during as- 
togeny; both obverse and reverse dissepiment surfaces 
granular in texture. Dissepiments emplaced perpen- 
dicular to or at slight angle from perpendicular to branch 
length. Apertures commonly open on proximal or dis- 
tal edge or in middle of dissepiment edge at branch— 
dissepiment contact; arranged symmetrically or asym- 
metrically between branches. 

Fenestrules small; shape varying from (most com- 
monly) rectangular to elliptical, elongate proximodis- 
tally, to rarely square; moderately regular in size and 
shape; expanding slightly in width and length in ob- 
verse-reverse direction. Width of fenestrule slightly 
less than branch width on obverse surface, approxi- 
mately equal to branch width on reverse, mean width 
of fenestrule approximately 1.28 x branch width; fe- 
nestrule opening becoming small toward proximal end 
of zoarium with astogenetic thickening of lamellar skel- 
eton. Width to length ratio of fenestrule ranging from 
1:1 to slightly less than 1:2, variable; constancy of length 
and width equal. Two to three apertures per fenestrule 
length, two most common; distance between closest 
aperture centers along branch approximately four-fifths 
of spacing across branch and across fenestrule, spacing 
of aperture centers across fenestrules varying from less 
than that along branch to twice that distance; spacing 
along branch much more constant than across branch 
or across fenestrule, which are moderately variable. 

Autozooecial apertures very small, shape circular, 
uniform in size and shape; opening oriented parallel 
to plane of obverse surface; thin, well-developed peri- 
stome continuous around all but small portion of most 
proximal-adaxial edge of aperture, leaving a small peri- 
stomal gap. Apertural stylets present, with five to eight 
intermediate-size stylets developing as extensions of 


vestibule outer edge; apertural stylets moderately con- 
stant in number. Aperture margin extends into fenes- 
trule, causing pronounced inflections in fenestrule out- 
line in obverse surface. Centrally thickened terminal 
diaphragms present, occurring moderately infrequent- 
ly, confined to most proximal end of zoarium. 

Zoarial supports well-developed, as extension of re- 
verse zoarial surface and lateral edge of zoarium. 

Interior description.— Branches ovate or elliptical in 
transverse section, elongate parallel to zoarial surface 
(i.e., in width). Branches thin, moderately regular in 
thickness. 

Upper end of autozooecial living chamber small, 
chambers biserially arranged in alternating rows along 
planar branch axial wall; axial wall forming zigzag pat- 
tern extending diagonally across entire branch or con- 
necting with short chamber lateral walls. Chamber 
longest dimension paralleling reverse wall in proxi- 
modistal direction. Autozooecial chamber outline tri- 
angular or irregularly pentagonal near reverse wall and 
throughout most of chamber; becoming irregularly 
biolobate-elliptical near obverse surface, longest di- 
rection of ellipse oriented distal-abaxially; chamber 
shape highly uniform. Aperture positioned at distal- 
abaxial end of chamber, connected to chamber by rel- 
atively short vestibule of variable length. Autozooecial 
chamber width and depth approximately equal; ratio 
of depth to length 5:9; length much more constant than 
width and depth. Intermediately developed short su- 
perior hemiseptum present, formed as extension of 
proximal-adaxial vestibular edge, forming partial re- 
striction between vestibule and autozooecial chamber; 
inferior hemiseptum lacking. Autozooecial chamber 
diverges laterally from middle of branch at a moder- 
ately variable angle (mean of 30°); from reverse wall 
at highly constant angle (mean of 71°). 

Three-dimensionally reconstructed autozooecial 
chamber form highly cuneate, long in horizontal view 
with acute angles at proximal and distal ends of cham- 
ber, and obtuse angle toward branch midline; near re- 
verse wall, approaching box-like in mid chamber with 
angular extension toward branch midline; long as 
viewed from obverse surface, approximately equidi- 
mensional in depth and width as viewed from distal 
and lateral edges of branch, respectively. 

Internal granular skeletal layer thickness interme- 
diate, continuous with obverse nodes, stylets, keel, 
peristome, reverse longitudinal striae, stylets across 
dissepiments, in middle of zoarial supports. Outer la- 
mellar layer initially thin, with pronounced astogenetic 
thickening of skeleton toward proximal end of zoar- 
ium. 

Remarks.—R. tenax is similar to R. tenuissima 
(Cumings, 1906) and R. multispinosa (Ulrich, 1890) 
in autozooecial chamber shape and orientation of 
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chambers relative to the branch. However, R. tenax 
differs moderately to substantially from the above two 
species in chamber dimensions, aperture size and shape 
(circular in R. tenax but not in R. tenuissima or R. 
multispinosa), and exterior accessory characters such 
as node placement and dissepiment ornamentation. 
Similarities in chamber shape and orientation are char- 
acteristic of generic level taxonomic groupings within 
the fenestellids and polyporids. 

Fenestella submicroporata Shulga-Nesterenko, 1952 
was placed in synonymy with R. fenax due to simi- 
larities in mesh symmetry, accessory features, and 
chamber size and shape between the two species. 

Externally, R. tenax is similar in appearance to Lax- 
ifenestella serratula (Ulrich, 1890), however pro- 
nounced differences are observed in internal chamber 
shape and orientation. Such similar patterns 1n exterior 
view most probably represent geometric constraints of 
zoarial growth, and do not appear to denote close tax- 
onomic affinities. 

The moderately variable appearance of both obverse 
and reverse zoarial exteriors as a result of astogenetic 
thickening of lamellar skeleon makes interior analysis 
mandatory for recognition of this species. 

Material studied.— Forty exterior fragments, 20 sec- 
tioned specimens; largest zoarial fragment 11 x 18 mm 
(width to length). Most fragments examined were mod- 
erately well-preserved, although compaction of some 
autozooecial chambers was evident. 

Occurrence.—R. tenax is common thoughout the 
Warsaw study area, occurring primarily in facies 
thought to have been deposited in a lower energy en- 
vironment. 

Syntypes.—ISGS(ISM) 4486-4. USNM 43756, 
43757. Several specimens from various localities are 
illustrated in Ulrich (1890, pl. 51, figs. 2, 2a, 2b, 2c, 
2d, 2e). 

Figured and/or measured specimens.—UI X-6797- 
6807 (loc. 49B, samples 10, 12), UI X-6889, 6890, 
6892-6897, 6899 (loc. 10, samples 27, 31). 


Rectifenestella tenuissima (Cumings, 1906) 
Plate 2, figures 4-10, Plate 3, figures 1-8; Table 11 


Fenestella tenuissima Cumings, 1906, p. 1279. 
Fenestella stocktonensis Condra and Elias, 1944, pp. 162-163, pl. 
35, fig. 5; pl. 36, figs. 1, 2. 


Diagnosis.—Zoarium delicate, mesh intermediate 
and regular; branches delicate, width narrow, thickness 
thin, straight to broadly curved in trace; transversely 
ovate to semicircular, elongate in plane of zoarial sur- 
face; distance between branches intermediate. Inter- 
mediate-width, intermediate-length dissepiments con- 
nect branches at highly regular intervals. Fenestrule 
size intermediate, rectangular to elliptical, moderately 
variable in shape. Autozooecial apertures of interme- 


diate size, ovate, elongate proximodistally; peristome 
well-developed, incomplete, open only at proximoad- 
axial edge; three to six small stylets occurring in peri- 
stomal gap, large apertural stylet at distal-abaxial edge 
of aperture; two to four (most commonly three) ap- 
ertures per fenestrule length. Single narrow keel along 
middle of obverse branch, nodes of intermediate size, 
ovate, proximodistally elongate, positioned atop keel. 
Autozooecial chamber size lower-end intermediate, 
chambers emplaced in two rows, except third row at 
sites of branch bifurcation; chamber outline irregularly 
pentagonal throughout most of chamber depth, be- 
coming elliptical, then irregularly bilobate-elliptical 
near obverse surface. Chambers elongate proximodis- 
tally, parallel to reverse wall. Aperture at distal-abaxial 
end of chamber, connected to chamber by short ves- 
tibule of variable length. Short superior hemiseptum 
present, inferior hemiseptum absent. Lateral-wall bud- 
ding-angle highly variable (mean of 23°); reverse-wall 
budding-angle constant (mean of 68°). Large hetero- 
zooecia (Ovicells?) rarely present. 

Table 11 presents statistical criteria used in species 
delimitation. 

Exterior description.—Zoarium delicate, expansion 
flat to slightly obversely curved, fan-shaped; mesh in- 
termediate; slight to moderate astogenetic thickening 
of both obverse and reverse lamellar skeleton; zoarial 
pattern regular. Probable mature widths 20 to 25 mm, 
lengths 30 to 40 mm. 

Branches delicate, narrow, relatively constant in 
width; straight to broadly curved toward lateral edge 
of zoarium. Branch spacing intermediate, distance be- 
tween adjacent branch centers moderately regular. Ob- 
verse surface texture moderately granular, surface 
rounded or moderately flat; except single narrow, con- 
tinuous keel anastomosing around autozooecial aper- 
tures, extending along branch midline, causing positive 
inflection. Keel widens, becomes covered by lamellar 
skeleton, and obverse surface becomes increasingly 
granular in texture with astogeny. Single row of inter- 
mediately developed, intermediate-size nodes; nodes 
ovate, elongate proximodistally, size and shape mod- 
erately regular, projecting from middle of keel; two to 
four nodes per fenestrule length, three most common; 
nodes intermediately, moderately unevenly spaced; 
node diameter increasing with astogeny. Extremely 
small, irregularly spaced stylets occurring between 
nodes and across obverse branch surface. Reverse sur- 
face texture granular, becoming more coarsely granular 
with astogeny, bearing numerous rows of longitudinal 
striae atop which are positioned closely spaced rows 
of small microstylets; longitudinal striae become cov- 
ered by lamellar skeleton; stylets become larger, less 
regularly positioned along branch surface with asto- 
geny. Two rows of autozooecia across branch, except 
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third row at site of branch bifurcation where middle 
autozooecium evidently shared by both branches; pro- 
nounced proximal thickening of branches, thinning 
distal to sites of branch bifurcation. 

Dissepiments of intermediate width, two-thirds that 
of branch, moderately constant; length intermediate, 
moderately constant; connecting branches at highly 
regular intervals. Dissepiments relatively barlike, slight 
medial thinning; slightly to moderately recessed from 
obverse surface, even with reverse; pronounced asto- 
genetic thickening of dissepiments toward proximal 
end of zoarium. Obverse dissepiment surface with two 
to five longitudinal striae across dissepiment, oriented 
perpendicular to branch length; reverse dissepiment 
surface with longitudinal striae oriented perpendicular 
to branch length, atop which occur rows of small mi- 
crostylets; dissepiment surfaces granular, texture sim- 
ilar in appearance to obverse and reverse branch sur- 
faces. Dissepiment emplacement primarily 
perpendicular to branch length, less frequently at acute 
angle trending either proximally or distally. Apertures 
commonly open on proximal or distal edge or in mid- 
dle of dissepiment edge at branch-dissepiment contact; 
arranged symmetrically or assymmetrically between 
branches. 

Fenestrules of intermediate size, rectangular to el- 
liptical in tangential view, elongate proximodistally; 
moderately variable in shape, regular in size; opening 
constant in size and shape on both obverse and reverse 
surfaces. Mean width of fenestrule slightly less than 
that of branch; fenestrule opening becoming slightly 
smaller toward proximal end of zoarium with asto- 
genetic thickening of lamellar skeleton. Width to length 
ratio of fenestrule 2:5, relatively constant, length much 
more constant than width. Two to four apertures per 
fenestrule length, three most common; distance be- 
tween closest aperture centers along branch and across 
branch approximately equal; spacing of aperture cen- 
ters across fenestrule 1.3 x greater than across branch, 
much more variable. 

Autozooecial apertures of intermediate size, ovate, 
slightly elongate proximodistally and enlarged at distal 
end, width to length ratio 9:10, size and shape uniform; 
opening oriented parallel to plane of obverse surface; 
thin, well-developed, incomplete peristome with small 
gap at most proximal-adaxial edge, three to six small 
stylets occurring in peristomal gap. Large apertural sty- 
let at distal-abaxial edge of each aperture, forms as a 
peristomal extension. Aperture margin extends into 
fenestrule, causing slight inflections in fenestrule out- 
line in obverse view. Centrally thickened terminal di- 
aphragms rare, confined to most proximal end of zoar- 
ium. 

Zoarial supports develop as extensions of reverse 
zoarial surface and lateral edge of zoarium, relatively 
poorly developed. 


Table 11.—Summary numerical analysis of Rectifenestella ten- 
uissima (Cumings, 1906). For explanation of abbreviations of char- 
acters (left column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.2615 0.0319 12.20. 0.195-0.350 
2. DBC 24 0.5023 0.0804 16.01  0.333-0.678 
3. WD 24 0.1774 0.0353 19.90  0.127-0.255 
4. LF 24 0.6335 0.0736 11.62 0.500-0.777 
5. WF 24 0.2513 0.0467 18.58  0.153-0.343 
6. AF 24 3.25 0.61 18.70 244 
7. AL 24 0.1006 0.0035 3.48  0.094-0.109 
8. AW 24 0.0895 0.0044 4.92  0.080-0.096 
9. ADB 24 0.2304 0.0252 10.94 0.188-0.295 
10. AAB 24 0.2302 0.0248 10.77. = 0.187-0.283 
11. ABB 24 0.2974 0.0501 16.85 0.198-0.397 
12. DN 24 0.0756 0.0155 20.50 0.048-0.113 
14. SNB 24 0.3258 0.1038 31.86 0.178-0.527 
15. WK 24 0.0400 0.0110 27.50 0.010-0.059 
16. DSO 24 0.0060 0.0012 20.00 0.004—0.009 
17. SSO 24 0.0468 0.0156 33.33 0.022-0.067 
18. WP 24 0.0226 0.0032 14.16  0.017-0.030 
19. SA 24 4.33 0.89 20.48 3-6 
20. SAD 24 0.0065 0.0019 29.23. 0.004-0.011 
22. RSS 24 0.0167 0.0026 15.57  0.012-0.021 
24. SSS 24 0.0500 0.0112 22.40 0.022-0.088 
30. OL 12 0.2500 0.0211 8.44  0.222-0.267 
31. OW 12 0.2000 = 0.0183 9.15 0.187-0.225 
32. TRW 24 0.0071 0.0020 28.17  0.004—0.011 
33. TLW 24 0.0138 0.0026 18.84  0.009-0.018 
35. RWT 24 0.0442 0.0284 64.25  0.007-0.123 
36. CL 24 0.2153 0.0110 Bye! | 0.197-0.238 
37. CD 24 0.1052 0.0102 9.70 0.089-0.126 
38. MAW 24 0.1055 0.0079 7.49 0.091-0.118 
39. MIW 24 0.0635 0.0071 11.18 = 0.050-0.074 
40. VD 24 0.0431 0.0124 28.77 0.019-0.062 
41. RA 24 67.79 5292 8.15 55-78 
42. LA 24 23.42 4.53 19.34 17-33 
43. TB 24 0.1957 0.0316 16.15. 0.150-0.257 


Interior description.— Branches ovate to semicircu- 
lar in transverse view, flattened on obverse surface, 
elongate parallel to plane of zoarial surface. Branch 
thin, moderately regular in thickness. 

Autozooecial living chamber size lower-end inter- 
mediate, chambers biserially arranged in alternating 
rows along planar branch axial wall; axial wall anas- 
tomosing toward sites of lateral-wall emplacement near 
reverse wall; axial wall becoming relatively straight 
with moderate inflections toward lateral walls in mid 
chamber and near obverse surface. Chamber longest 
dimension paralleling reverse wall in proximodistal 
direction. Autozooecial chamber outline irregularly 
pentagonal near reverse wall and toward mid chamber, 
becoming irregularly elliptical near obverse side of 
chamber; ellipse bilobate near obverse surface due to 
initiation of superior hemiseptum at proximal-abaxial 
edge of vestibule, longest direction of ellipse oriented 
distal-abaxially; chamber shape highly uniform. Ap- 
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erture positioned at distal-abaxial end of chamber, 
connected to chamber by relatively short vestibule of 
variable length. Ratio of autozooecial chamber mini- 
mum width to maximum width 3:5; dimensions of 
maximum width and depth equal; ratio of depth to 
length of chamber approximately 1:2. Inferior hemi- 
septum lacking; small, reduced superior hemiseptum 
formed as slight extension of proximal-adaxial vestib- 
ular edge, forming very slight restriction between ves- 
tibule and autozooecial chamber. Autozooecial cham- 
ber diverges laterally from middle of branch at highly 
variable angle (mean of 23°); from reverse wall at con- 
stant angle (mean of 68°). Heterozooecia rare, probably 
ovicells; slightly longer than autozooecia and twice au- 
tozooecial width. 

Three-dimensionally reconstructed autozooecial 
chamber form moderately cuneate with rounded acute 
angles at proximal and distal ends of chamber, obtuse 
angle toward branch midline; elongate as viewed from 
obverse surface, approximately equi-dimensional in 
depth and width as viewed from distal and lateral edges 
of branch respectively. 

Internal granular skeletal layer thin, continuous with 
obverse nodes, stylets, keel, peristome, apertural sty- 
lets, reverse longitudinal striae, stylets across dissepi- 
ment, in middle of zoarial supports. Moderate asto- 
genetic thickening of lamellar skeleton toward proximal 
end of zoarium. 


Remarks.— Autozooecial chamber shape in this spe- 
cies is quite similar to that of R. multispinosa (Ulrich, 
1890), indicating close affinities. Dimensions of the 
chamber are different, as are the general mesh dimen- 
sions and symmetry. Chamber dimensions are similar 
to those of R. tenax (Ulrich, 1888). Exterior similarities 
are greatest between R. tenuissima and R. tenax. Ev- 
idence supporting emphasis on internal features for 
taxonomic assignment is strong. 

Fenestella stocktonensis Condra and Elias, 1944 was 
separated from Fenestella tenuissima Cumings, 1906 
by Condra and Elias. My analysis of stocktonensis in- 
dicated it was insufficiently different from fenuissima 
to justify separation as a new species, and it is therefore 
placed in synonymy here. 


R. tenuissima is separated from other rectifenestel- 
lids by larger aperture size, ovate shape of aperture, 
slightly larger autozooecial chambers, slightly different 
shape of autozooecial chambers, and mesh dimensions 
and symmetry. 


Material studied.—Twenty-five exterior fragments; 
six sectioned specimens; largest zoarial fragment 12 x 22 
mm (width to length). Fragments examined were mod- 
erately well-preserved, although many zoarial frag- 
ments were broken due to their delicate nature. 


Occurrence.—R. tenuissima is relatively rare at the 
Valmeyer, St. Louis, and White Hall localities, with 


Table 12.—Summary numerical analysis of Rectifenestella mul- 
tispinosa (Ulrich, 1890). For explanation of abbreviations of char- 
acters (left column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean _ deviation variation range 
1. WB 24 0.2606 0.0437 16.77 0.200-0.356 
2. DBC 24 0.4096 0.0629 15.36 0.294-0.540 
3. WD 24 0.1218 0.0226 18.56  0.085-0.188 
4. LF 24 0.3576 0.0478 13.37 = 0.290-0.468 
5. WF 24 0.2101 0.0307 14.61 0.140-0.266 
6. AF 24 2.25) 0.44 16.77 2-3 
7. AL 24 0.1174 0.0071 6.05 0.102-0.129 
8. AW 24 0.0968 0.0057 5.89  0.086-0.110 
9. ADB 24 0.2342 0.0190 8.11  0.184-0.260 
10. AAB 24 0.2248 0.0222 9.88  0.191-0.278 
11. ABB 24 0.2135 0.0419 19.63 0.122-0.308 
12. DN 24 0.0834 0.0182 21.82 0.056-0.125 
14. SNB 24 0.1743 0.0300 17.21 0.112-0.234 
15. WK 24 0.0326 0.0059 18.10 0.021-0.044 
16. DSO 24 0.0076 0.0018 23.68  0.005-0.011 
17. SSO 24 0.0514 0.0197 38.33 0.029-0.164 
18. WP 24 0.0119 0.0029 24.37  0.008-0.015 
22. RSS 24 0.0081 0.0027 33.33 0.005-0.014 
24. SSS 24 0.0324 0.0083 25.62 0.020-0.046 
32. TRW 24 0.0063 0.0009 13.65  0.005-0.009 
33. TLW 24 0.0065 0.0009 13.54 0.005-0.009 
34. FWT 24 0.0880 0.0398 45.23 0.036-0.171 
35. RWT 24 0.0684 0.0268 39.18 0.012-0.124 
36. CL 24 0.2605 0.0117 4.49 0.234-0.286 
37. CD 24 0.1511 0.0080 5.29 0.136-0.167 
38. MAW 24 0.1461 0.0159 10.88 0.118-0.188 
39. MIW 24 0.0887 0.0165 18.60 0.061-0.130 
40. VD 24 0.0811 0.0250 30.83 0.041-0.126 
41. RA 24 69.92 5.18 7.40 62-81 
42. LA 24 23.25 3:51 15.08 17-31 
43. TB 24 0.3436 0.0460 13.39  0.249-0.411 


occurrence restricted to the Lower Warsaw. It occurs 
in both limestones and shale, and is more frequent in 
the latter. 

Type Material.—Unknown. 

Hypotypes.— UI X-6832-6836, 6891 (loc. 49B, sam- 
ples 8, 10, 15). 


Rectifenestella multispinosa (Ulrich, 1890) 
Plate 4, figures 1-13, Plate 5, figures 1-3; Table 12 


Fenestella multispinosa Ulrich, 1890, pp. 540-541, pl. 50, figs. 3— 
3c; Cumings, 1906, pp. 1278-1279, pl. 29, figs. 1, la, 1b, 1d; 
Nekhoroshev, 1926, pp. 1245-1246, pl. 19, figs. 5— 6; pl. 20, fig. 
3; Nikiforova, 1927, pl. 178; Nikiforova, 1933, p. 16; Kaisin, 
1942, p. 93; Condra and Elias, 1944, pp. 110-112, pl. 33, figs. 1- 
4; Shulga-Nesterenko, 1951, p. 85; Trizna, 1958, p. 129, pl. 36, 
fig. 4; pl. 37, figs. 1-5; Miller, 1962, p. 121; Tavener-Smith, 1973, 
pp. 416-418, pl. 3, figs. 1-9. 

Fenestrellina multispinosa (Ulrich). McFarlan, 1942, p. 444. 


Diagnosis.—Zoarium robustness intermediate, mesh 
close, pattern regular; branches delicate, width narrow, 
thickness intermediate, straight to broadly curved; 
transversely circular to ovate, closely spaced; branches 
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joined at regular intervals by thin, short dissepiments; 
dissepiments emplaced at highly regular intervals. Fe- 
nestrules small; shape rectangular to elliptical, mod- 
erately variable in shape. Autozooecial aperture size 
intermediate, shape circular to ovate, elongate proxi- 
modistally; peristome thin, well-developed, complete; 
two to three (most commonly two) apertures per fe- 
nestrule. Single narrow, continuous keel along middle 
of obverse branch, atop which are positioned inter- 
mediate-size circular to ovate nodes. Autozooecial 
chamber size intermediate, emplaced in two rows, ex- 
cept third row at sites of branch bifurcation; chamber 
outline attaining an irregularly pentagonal shape 
throughout most of chamber depth, becoming bilo- 
bate-elliptical near obverse surface. Chambers elongate 
proximodistally, parallel to reverse wall. Aperture at 
distal-abaxial end of chamber, connected to chamber 
by relatively long, variable-length vestibule. Short su- 
perior hemiseptum at proximal vestibular edge, infe- 
rior hemiseptum absent. Lateral-wall budding-angle 
moderately variable (mean of 23°); reverse-wall bud- 
ding-angle highly constant (mean of 70°). 

Table 12 presents statistical criteria used in species 
delimitation. 

Exterior description.—Zoarium robustness inter- 
mediate, expansion flat, planar to slightly obversely 
curved, fan-shaped; mesh close; pronounced astoge- 
netic thickening of both obverse and reverse zoarial 
skeleton; external zoarial pattern regular. Probable ma- 
ture widths 12 to 15 mm, lengths 18 to 25 mm. 

Branches delicate; width narrow, relatively variable; 
branches most commonly straight, although locally 
broadly curved toward lateral edge of zoarium. 
Branches closely spaced, distance between adjacent 
branch centers regular. Obverse surface slightly gran- 
ular in texture, becoming increasingly so with astogeny, 
surface rounded; except for presence of single keel which 
is narrow, well-developed, continuous, relatively 
straight, extending along branch midline causing pos- 
itive inflection in obverse surface profile. Keel width 
increasing with astogeny. Nodes monoserially em- 
placed, well-developed and of intermediate size; node 
shape circular to ovate, elongate proximodistally when 
ovate; size and shape relatively regular; nodes develop 
as projections from middle of keel; two to three per 
fenestrule length, three most common; nodes evenly, 
closely spaced; diameter increasing with astogeny. 
Small, variable-size stylets irregularly positioned along 
obverse surface. Reverse surface texture relatively 
granular, coarsening with astogeny, bearing numerous 
intermediately spaced longitudinal striae which be- 
come covered by astogenetic thickening of lamellar 
skeleton; rows of closely spaced small microstylets be- 
come larger, more irregularly positioned along reverse 
branch surface with astogeny. Two rows of autozooecia 


across branch, except third row at sites of branch bi- 
furcation where middle autozooecium evidently shared 
by both branches; pronounced thickening proximal, 
thinning distal to sites of branch bifurcation. Hetero- 
zooecia absent in all zoarial fragments observed. 

Dissepiments thin, slightly less than half branch 
width, moderately constant in width; short, relatively 
constant in length; connect branches at highly regular 
intervals. Dissepiments barlike, with moderate medial 
thinning; highly recessed from obverse surface, even 
with reverse. Moderate to pronounced astogenetic 
thickening of dissepiments. Obverse dissepiment sur- 
face lacking ornamentation; reverse surface with lon- 
gitudinal striae atop which are emplaced closely spaced 
rows of small microstylets; striae becoming obscured 
by thickened lamellar skeleton with astogeny, micro- 
stylets increase in diameter. Obverse dissepiment sur- 
face texture slightly granular, reverse relatively gran- 
ular, both coarsening with astogeny. Dissepiment 
emplacement ranging from perpendicular to up to 20° 
from perpendicular to branch length. Apertures com- 
monly open on proximal or distal edge or in middle 
of dissepiment edge at branch—dissepiment contact; 
arranged symmetrically or asymmetrically between 
branches. 

Fenestrules small, shape rectangular to elliptical, 
elongate proximodistally; moderately variable in shape, 
regular in size; expanding in width and length in ob- 
verse-reverse direction. Mean width of fenestrule 
slightly less than branch width on obverse surface, ap- 
proximately equal on reverse; fenestrule opening be- 
coming smaller toward proximal end of zoarium with 
astogenetic thickening of lamellar skeleton. Ratio of 
mean fenestrule width to length approximately 3:5; 
constancy of length and width approximately equal. 
Two to three apertures per fenestrule length, two most 
common; distance between closest aperture centers 
along branch, across branch, across fenestrule approx- 
imately equal, forming relatively uniform grid of ap- 
erture Openings over obverse surface; spacing along 
branch and across branch constant, spacing across fe- 
nestrule variable. 

Autozooecial apertures intermediate in size, shape 
circular to ovate, elongate proximodistally and slightly 
enlarged at distal end; opening most commonly ori- 
ented parallel to obverse surface, in some tilting toward 
fenestrule at slight angle; thin, well-developed com- 
plete peristome present. Aperture margin with pro- 
nounced extension into fenestrule, causing extreme in- 
flections in fenestrule outline on obverse surface. In 
late astogeny toward proximal end of zoarium, some 
apertures become capped by thin terminal diaphragm. 

Well-developed zoarial supports form as extensions 
of reverse zoarial surface and lateral edge of zoarium. 

Interior description.— Branches circular to ovate in 
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transverse section, asymmetrically thickened on ob- 
verse surface through astogenetic thickening of lamel- 
lar skeleton and presence of keel and nodes; elongate 
parallel to zoarial surface. Branches intermediate, 
moderately constant in thickness. 

Autozooecial living chambers of intermediate size, 
biserially arranged in alternating rows along planar 
branch axial wall; axial wall sinuous, anastomosing 
toward and connecting with chamber lateral walls; ax- 
ial wall sinuous throughout chamber depth. Chamber 
longest dimension parallels reverse wall in proximo- 
distal direction. Autozooecial chamber outline irreg- 
ularly pentagonal near reverse wall and throughout most 
of chamber depth, becoming bilobate-elliptical near 
obverse surface, curved abaxially; chamber shape high- 
ly uniform. Aperture positioned at distal-abaxial end 
of chamber, connected to chamber by relatively long, 
well-developed vestibule of variable length. Ratio of 
autozooecial chamber minimum width to maximum 
width 3:5; maximum chamber width and depth ap- 
proximately equal; ratio of chamber depth to length 
approximately 3:5; chamber length and depth highly 
constant, minimum and maximum widths slightly 
variable. Short superior hemiseptum at proximal ves- 
tibular edge; inferior hemiseptum lacking. Autozooe- 
cial chambers diverge laterally from middle of branch 
at moderately variable angle (mean of 23°); from re- 
verse wall at highly constant angle (70°). 

Three-dimensionally reconstructed chamber form 
moderately cuneate with pronounced angular exten- 
sion toward branch midline; long dimension as viewed 
from obverse surface, approximately equidimensional 
in depth and width as viewed from distal and lateral 
edges of branch respectively. 

Internal granular skeleton relatively thin, continuous 
with obverse keel, nodes, stylets, and peristomes; re- 
verse longitudinal striae and microstylets, across dis- 
sepiments and in the middle of zoarial supports. As- 
togenetic thickening of lamellar skeletal layer 
pronounced, most pronounced toward proximal end 
of zoarium. 

Remarks.—R. multispinosa can be readily differ- 
entiated from R. tenax (Ulrich, 1888) and R. tenuis- 
sima (Cumings, 1906) by the much greater size of its 
autozooecial chamber, although chamber shape closely 
resembles that of the two other rectifenestellids. Ap- 
erture size is also greater in R. multispinosa than in 
the other rectifenestellid species. Interior appearance 
alone allows differentiation of R. multispinosa from R. 
tenuissima, but separation of these species based solely 
on exterior features is almost impossible because of 
similarity in symmetry of mesh and associated char- 
acters. 

This species has been reported from geographically 
widely separated areas, suggesting misidentification due 


to reliance on exterior characters. To determine wheth- 
er all species have been accurately assigned to R. mui- 
tispinosa requires section and reanalysis of all speci- 
mens. 

Material studied.—Thirty exterior fragments, five 
sectioned specimens; largest zoarial fragment 10 x 12 
mm (width to length). Preservation excellent in some 
fragments, poor due to crushing in others. 

Occurrence.—Common in Warsaw study area; most 
abundant in shaly beds, although not restricted to this 
facies. 

Syntypes.—USNM 43349, 43350. Several speci- 
mens are illustrated in Ulrich (1890, pl. 50, figs. 3, 3a, 
3b, 3c, 3d). 

Figured and/or measured specimens.—UI X-6734, 
6872, 6874, 6870 (loc. 10, samples 16, 31), 6949 (loc. 
49B, sample 12). 


Genus LAXIFENESTELLA Morozova, 1974 
Text-figure 9 


Type species.—Fenestella sarytshevae (Shulga-Nes- 
terenko, 1951) [Lower Carboniferous, Namurian Stage; 
Russian Platform]. Morozova, 1974, pp. 173-174; pls. 
3-2. 

Typical Warsaw species.—Laxifenestella coniuncti- 
styla, n. sp. Osagean—Meramecian throughout Missis- 
sippi River Valley outcrop area. 

Diagnosis.—Zoarium robustness intermediate, mesh 
spacing close to intermediate; rectangular, parallelo- 
gram-shaped, irregularly pentagonal to elliptical cham- 
ber outline in mid tangential section, chamber size 
intermediate; aperture size small to intermediate; 
moderate to well-developed superior hemiseptum, well- 
developed inferior hemiseptum present; chamber re- 
verse-wall budding-angle means vary between 57° and 
Citic 

Three-dimensionally reconstructed chamber form 
rounded box- to box-like with indentations caused by 
hemiseptal positioning (Text-fig. 9). 

Description.—Zoarium robustness intermediate, ex- 
pansion flat to obversely curved, mesh spacing close 
to intermediate, extremely regular. 

Branch width narrow to wide, straight to sinuous in 
trace with lateral branches broadly curved toward edge 
of zoarium; branch surface flat to rounded. Keel pres- 
ent, single, width narrow, increasing with astogeny and 
frequently covered by lamellar skeleton. Nodes pres- 
ent, emplacement monoserial, size intermediate to 
large, shape circular to ovate, located atop keel in single 
or alternating rows, spacing close to intermediate. Ob- 
verse stylets present, size small to extremely small, 
occurring across obverse surface. Microstylets present, 
ranging in size from small to large. Macrostylets pres- 
ent in some species, large, typically located at site of 
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branch—dissepiment junction. Autozooecia in two rows, 
third row at site of branch bifurcation or three rows 
for distance along branch proximal to branch bifur- 
cation. Heterozooecia (ovicells?) present in some spe- 
cies. 

Dissepiments of intermediate width, length short to 
intermediate, connect branches at regular to variable 
intervals. 

Fenestrule size small to intermediate, shape ovate 
to elliptical to approaching rectangular. 

Aperture size small to intermediate, shape circular 
to ovate, oriented parallel to plane of obverse surface. 
Peristome present, either complete or incomplete; ap- 
ertural stylets absent; terminal diaphragms present, 
primarily occurring toward proximal end of zoarium. 

Branch shape in cross-section ranging from circular 
to ovate, shallow to thick in depth. 

Autozooecial chamber size intermediate, chambers 
biserially emplaced along straight to sinuous axial wall; 
maximum chamber length extending proximodistally, 
parallel to reverse wall. Chamber outline irregularly 
ovate to elliptical near reverse wall, becoming a rect- 
angle, parallelogram, irregular pentagon to elliptical in 
mid and throughout most of chamber depth, bilobate- 
elliptical to bilobate-ovate near obverse surface. Ves- 
tibule present, varying in length from short to long. 
Superior hemiseptum present, moderately to well-de- 
veloped, positioned at proximal vestibular edge; in- 
ferior hemiseptum present, well-developed, positioned 
on middle of reverse and lateral proximal wall, supe- 
rior and inferior hemisepta frequently fused in mid 
chamber. Lateral-wall budding-angle means ranging 
from 20° to 27°; reverse-wall budding-angle means from 
57° to 77°. Lamellar skeletal layer thin to thick, exhib- 
iting moderate to pronounced astogenetic thickening; 
granular skeletal layer thickness intermediate to thick, 
exhibiting no astogenetic thickening. 

Three-dimensionally reconstructed chamber form 
rounded box- to box-like, with indentations in “*box”’ 
caused by hemiseptal positioning near mid chamber. 

Text-figure 9 illustrates zoarial outlines in longitu- 
dinal, tangential, and transverse orientations and three- 
dimensional chamber reconstructions from distal, ab- 
axial branch edge, and obverse surface views. 

Remarks.—This genus is readily characterized by 
fused inferior and superior hemisepta in conjunction 
with chamber shape, anastomosing keel, and closely 
to intermediately spaced intermediate-size nodes. The 
limited diagnosis and illustrations available in Mo- 
rozova (1974) seem to agree with a generic grouping 
established in the Warsaw materials studied, and thus 
I use her genus herein. The general age of species she 
assigned to this genus also agree with my own mate- 
rials. The use of the generic name is somewhat ten- 
tative because of Morozova’s lack of three-dimension- 


al approach in the establishment of the genus and the 
inaccessibility of her study samples. 

The more highly anastomosing nature of branches 
and short, wide dissepiments in Laxifenestella fluc- 
tuata, n. sp. correspond with characters of Flexifenes- 
tella Morozova, 1974. However, internal analysis of 
L. fluctuata shows no appreciable difference between 
this species and the rest of the species of Laxifenestella 
found in the Warsaw, thus suggesting the genus Flex- 
ifenestella is probably synonymous with Laxifenestel- 
la. Detailed three-dimensional analysis of the type spe- 
cies of these two genera could lead to conclusive 
determination as to whether they are indeed synony- 
mous. 

Specific composition.— Approximately 70 species of 
Laxifenestella were recognized by Morozova. Herein, 
four species are assigned to this genus: L. coniuncti- 
styla, L. maculasimilis, n. sp., L. serratula (Ulrich, 
1890), and L. fluctuata. 

Range.—Devonian—Lower Mississippian—Perm- 
ian(?); Permian species differ greatly from those in the 
Lower Mississippian, and might be better assigned to 
a separate genus (Morozova, 1974). 


Laxifenestella coniunctistyla, new species 
Plate 5, figures 4-12, Plate 6, figures 1-8, 
Plate 7, figures 1, 2; Table 13 


Etymology of name.—Named for the occurrence of 
the stylet in the middle of the dissepiment. 

Diagnosis.—Zoarium robustness intermediate, mesh 
spacing close, pattern extremely regular; branch ro- 
bustness and width intermediate, thickness medium, 
trace straight to rarely broadly curved, transversely 
circular to rarely elliptical, closely spaced. Branches 


Text-figure 9.—Laxifenestella coniunctistyla illustrated. 1, dia- 
grammatic longitudinal section illustrating changing chamber out- 
line from deep section near middle of branch (bottom of figure) to 
shallow section near abaxial edge of branch (top of figure) [Inferior 
hemisepta well-developed, bridging reverse to obverse chamber walls 
(arrow) near the obverse surface in this species.], x 70; 2, diagram- 
matic tangential section showing changing chamber outline from 
deep section near reverse-wall budding-site (bottom of figure) to 
shallow section near obverse surface (top of figure) [Well-developed 
superior hemiseptum is illustrated in this view (arrow).], 70; 3, 
diagrammatic transverse section across branch showing typical ori- 
entation of aperture relative to plane of obverse surface (arrow), 
x 70; 4, diagrammatic transverse section illustrating well-developed 
inferior hemiseptum (arrow), * 70; 5, reconstruction of typical cham- 
ber shape (three-dimensional) as viewed from distal end of branch; 
chamber reconstructed is from the right side of the branch [Observe 
indentation caused by near connection of inferior and superior hem- 
isepta (arrow).], x 140; 6, reconstruction of typical chamber shape 
(three-dimensional) as viewed from abaxial edge of branch, showing 
indentation caused by the inferior and superior hemisepta (arrow), 
x 140; 7, reconstruction of typical chamber shape (three-dimension- 
al) as viewed from the obverse surface; chamber reconstructed is 
from the right side of the branch [Hemiseptal inflections into cham- 
ber outline are evident in this view (arrow).], = 140. 
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connected at highly regular intervals by lower-end 1n- 
termediate width, short dissepiments. Fenestrule size 
intermediate; shape elliptical to approaching rectan- 
gular, moderately regular. Autozooecial aperture size 
intermediate, shape circular, surrounded by well-de- 


veloped complete peristome; two to four (most com- 
monly three) apertures per fenestrule. Single narrow 
keel along middle of obverse branch, atop which are 
positioned intermediate-size, circular to ovate nodes. 
Autozooecial chamber size intermediate, chambers 
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emplaced in two rows, except third row at sites of 
branch bifurcation; outline elliptical near reverse wall, 
rapidly becoming a rectangle to parallelogram through- 
out mid and most of chamber, irregularly bilobate- 
elliptical near obverse surface. Chambers elongate 
proximodistally, parallel to reverse wall. Aperture at 
distal-abaxial end of chamber, connected to chamber 
by intermediate-length moderately variable vestibule. 
Both superior and inferior hemisepta present, well- 
developed, occasionally fuse along chamber abaxial 
wall restricting chamber opening. Lateral-wall bud- 
ding-angle moderately variable (mean of 20°); reverse- 
wall budding-angle highly constant (mean of 57°). 

Table 13 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium robustness inter- 
mediate; expansion flat to broadly obversely curved; 
mesh spacing close; pronounced astogenetic thickening 
of both obverse and reverse zoarial skeleton; zoarial 
pattern extremely regular. Probable mature widths 15 
to 25 mm, lengths 20 to 35 mm. 

Branch robustness intermediate; width intermedi- 
ate, relatively variable; trace generally straight, more 
rarely broadly curved toward lateral zoarial edge, oc- 
casionally exhibiting slight inflections toward sites of 
dissepiment insertion. Branch spacing close, extremely 
regular. Obverse surface texture granular; surface 
rounded except single narrow, well-developed keel; keel 
continuous, straight to slightly anastomosing toward 
sites of dissepiment emplacement, extending along 
branch midline and causing positive inflection on ob- 
verse surface profile; keel thins toward distal end of 
zoarium, thickening toward proximal end with asto- 
geny. Single row of well-developed intermediate size 
nodes, circular to ovate, elongate proximodistally, pro- 
jecting from middle of keel; size and shape of nodes 
moderately regular; four to seven nodes per fenestrule 
length, five most common; closely, moderately evenly 
spaced; node diameter increasing with astogeny. Ex- 
tremely small, irregularly sized and positioned stylets 
across entire obverse branch surface. Reverse surface 
texture granular, bearing a moderate number of rows 
of intermediately spaced longitudinal striae; striae cov- 
ered by lamellar skeleton with astogeny; rows of ex- 
tremely small, closely spaced microstylets extend along 
branch surface; microstylet size irregular, diameter and 
positioning of microstylets not affected by astogeny. 
Autozooecia in two rows, except third row at sites of 
branch bifurcation where middle autozooecium is ev- 
idently shared by both developing branches; slight to 
intermediate thickening of branches proximal, thin- 
ning distal to sites of branch bifurcation. Heterozooe- 
cia not observed in any specimen examined. 

Dissepiments of lower-end intermediate width, 
slightly greater than half branch width, width moder- 


Table 13.—Summary numerical analysis of Laxifenestella coni- 
unctistyla, n. sp. For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.3453 0.0553 16.02 0.263-0.456 
2. DBC 24 0.5430 0.0690 12.71 0.456-0.719 
3. WD 24 0.1882 0.0542 28.80 0.119-0.300 
4. LF 24 0.7337. 0.0738 10.06 0.563-0.875 
5. WF 24 0.2429 0.0608 25.03 0.150-0.388 
6. AF 24 3.08 0.65 21.21 24 
7. AL 24 0.1035 0.0037 3.57 0.098-0.110 
9. ADB 24 0.2995 0.0178 5.94 0.268-0.337 
10. AAB 24 0.2890 = 0.0257 8.89  0.236-0.328 
11. ABB 24 0.3779 0.0591 15.64 = -0.278-0.497 
12. DN 24 0.0961 0.0184 19.15 0.065-0.130 
13. DND 24 0.0882 0.0185 20.98  0.060-0.125 
14. SNB 24 0.2087 0.0473 22.66 = 0.128-0.287 
15. WK 24 0.0139 0.0021 15.11  0.012-0.018 
16. DSO 24 0.0029 0.0010 34.48  0.002-0.005 
17. SSO 24 0.0113 0.0039 30.00 ~=0.007-0.020 
18. WP 24 0.0125 0.0021 16.80 0.008-0.016 
22. RSS 24 0.0036 0.0011 30.56  0.002-0.005 
24. SSS 24 0.0124 0.0036 29.03  0.009-0.029 
32. TRW 24 0.0102 0.0016 15.29 0.007-0.014 
33. TLW 24 0.0106 0.0017 16.13 0.007-0.014 
34. FWT 24 0.0463 0.0266 57.45 0.014-0.103 
36. CL 24 0.2634 0.0078 2.96 0.251-0.278 
37. CD 24 0.1709 0.0091 5.32 0.157-0.189 
38. MAW 24 0.1480 0.0173 11.69 0.119-0.185 
40. VD 24 0.0844 0.0170 20.14 0.046-0.123 
41. RA 24 56.83 4.03 7.09 50-64 
42. LA 24 20.00 3215 15.64 15-28 
43. TB 24 0.3233 0.0407 12.64 0.271-0.381 


ately variable; length short, moderately variable; con- 
nect branches at highly regular intervals. Dissepiments 
exhibit slight medial thinning, slight flaring at dissep- 
iment-branch contact; slightly recessed from both ob- 
verse and reverse zoarial surfaces. Pronounced asto- 
genetic thickening of dissepiments, nearly tripling in 
width toward most proximal end of zoarium. Obverse 
dissepiment surface with one or two thick longitudinal 
striae across dissepiment perpendicular to branch 
length; one well-developed, intermediate size, ovate 
node atop longitudinal striae, node elongate parallel to 
striae in mid center of dissepiment; reverse dissepi- 
ment surface with rows of longitudinal striae atop which 
are positioned small stylets, stylets covered by lamellar 
skeleton with astogeny; both obverse and reverse dis- 
sepiment surface texture granular. Dissepiment em- 
placement perpendicular or nearly perpendicular to 
branch length. Apertures commonly open on proximal 
or distal edge or in middle of dissepiment edge at 
branch-dissepiment contact; arranged symmetrically 
or asymmetrically between branches. 

Fenestrule size intermediate; shape elliptical to ap- 
proaching rectangular, elongate proximodistally; mod- 
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erately regular in shape; expanding slightly in width 
and length in obverse-reverse direction. Mean width 
of fenestrule seven-tenths branch width; fenestrule 
width and length decreasing toward proximal end of 
zoarium due to astogenetic thickening of lamellar skel- 
eton. Ratio of fenestrule width to length ranging from 
1:5 to 1:2, variable; mean ratio of 1:3 most common; 
length much more constant than width. Two to four 
apertures per fenestrule length, three most common; 
distance between closest aperture centers along branch 
and across branch approximately equal, spacing of ap- 
erture centers across fenestrule normally much greater, 
variable, ranging from slightly less than that along and 
across branch to almost twice that distance. 

Autozooecial aperture size intermediate, shape cir- 
cular, highly uniform; opening oriented parallel to plane 
of obverse surface; thin, well-developed continuous 
peristome around aperture. Aperture margin extends 
into fenestrule, causing moderate inflections in fenes- 
trule outline on obverse surface. Centrally thickened 
terminal diaphragms commonly occurring toward 
proximal end of zoarium. 

Extremely well-developed zoarial supports develop 
as extensions of reverse zoarial surface and lateral edge 
of zoarium; most common toward proximal end of 
zoarium. 

Interior description.—Branches approximately cir- 
cular in transverse section, rarely elliptical, slightly 
elongate parallel to zoarial surface. Branches medium, 
relatively constant in thickness. 

Autozooecial living chambers intermediate in size, 
biserially arranged in alternating rows along a predom- 
inantly straight, planar to slightly sinuous branch axial 
wall, with inflections extending toward and connecting 
with lateral wall. Chamber maximum dimension par- 
allel to reverse wall in proximodistal direction. Au- 
tozooecial chamber outline elliptical near reverse wall: 
rapidly becoming a rectangle to parallelogram, with 
longest dimension toward outer edge of chamber, in 
the middle and throughout most of chamber; chamber 
irregularly bilobate-elliptical near obverse surface, 
longest direction of ellipse oriented slightly distal- 
abaxially; chamber shape regular. Aperture located at 
distal-abaxial end of chamber, connected to chamber 
by intermediate-length, moderately regular vestibule. 
Ratio of chamber width to depth approximately 7:8; 
depth to length ratio 5:8; length and depth much more 
consistent than width. Well-developed superior hemi- 
septum forms as extension of proximal interior ves- 
tibular edge; superior hemiseptum directed toward the 
reverse wall in a distal direction, curves around the 
vestibule inner edge. Inferior hemiseptum located in 
mid chamber along reverse wall, extending across en- 
tire chamber width; toward obverse surface, inferior 
hemiseptum extends as a ridge along abaxial edge of 


chamber wall. Superior and inferior hemisepta occa- 
sionally fuse along chamber abaxial wall; positioning 
of these hemisepta restricts opening between auto- 
zooecial chamber and inner vestibule edge. Autozooe- 
cial chamber diverges laterally from mid chamber at 
a moderately variable angle (mean of 20°); from reverse 
wall at a highly constant angle (mean of 57°). 

Three-dimensionally reconstructed chamber form 
box-like with indentations in “box”? caused by hemi- 
septal positioning; long dimension as viewed from ob- 
verse surface, depth as viewed from distal end of zoar- 
ium slightly greater than width as viewed from lateral 
edge of branch. 

Internal granular skeletal layer moderately thick, ex- 
hibiting slight astogenetic thickening in autozooecial 
chamber, continuous with obverse nodes, stylets, peri- 
stome and keel; reverse longitudinal striae and stylets; 
across dissepiments and in the middle of zoarial sup- 
ports. Outer lamellar layer initially thin, with extreme 
thickening during astogeny as observed toward prox- 
imal end of zoarium. 

Remarks.— General autozooecial chamber shape and 
presence of inferior and superior hemisepta in this spe- 
cies are also typical of several other Warsaw species 
including L. serratula (Ulrich, 1890), L. maculasimilis, 
n. sp., and L. fluctuata, n. sp. Hemisepta provide a 
chamber which offers protection against predators and 
adverse environmental conditions. Similar hemiseptal 
shapes, and the way in which they restrict the chamber, 
suggest physical similarities among the polypides of 
different species. Phylogenetic affinities between these 
species would seem close, probably closer than be- 
tween groups of fenestellids that do not have such ex- 
tensive hemiseptal development. For these among oth- 
er reasons, these species are herein all assigned to 
Laxifenestella. 

L. coniunctistyla 1s readily distinguished from the 
other laxifenestellids by the presence of a well-devel- 
oped, intermediate-size node occurring in the middle 
of each dissepiment, a larger apertural opening, dis- 
tinctive mesh dimensions, and characteristic auto- 
zooecial chamber dimensions. 

A very similar species was discovered in material 
collected by Cumings from the Salem Formation at 
Dark Hollow near Bloomington, Indiana and con- 
tained in collections at Indiana University. This spe- 
cies was not described in suites collected by Ulrich. 

Material studied.—Forty-four exterior fragments; 
nine sectioned specimens; largest zoarial fragment 
18x28 mm (width to length). Excellent preservation 
observed in collected specimens. 

Occurrence. — Laxifenestella coniunctistyla, n. sp. 1s 
abundant in the Warsaw throughout the study area. 
Slight differences do exist between northern and south- 
ern specimens. Northern specimens consistently have 
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a slightly tighter mesh, but this difference is not ade- 
quate for species separation as it does not affect the 
internal chamber dimensions. The species is found in 
both calcarenite and shale facies. 

Holotype.—UI1 X-6790 (loc. 49B, sample 12). 

Paratypes.—UI X-6784-6789 and 6801 (loc. 49B, 
samples 12, 13, 17) UI X-6791, 6792 (loc. 10, sample 
25): 


Laxifenestella maculasimilis, new species 
Plate 7, figures 3-9, Plate 8, figures 1-10, 
Plate 9, figures 1, 2; Table 14 


Etymology of name.—The name refers to the similar 
external mesh symmetry between this species and spe- 
cies of Archimedes. 

Diagnosis.—Zoarium robustness intermediate, mesh 
intermediate, pattern extremely regular; branch ro- 
bustness intermediate, width narrow to lower-end in- 
termediate, thickness medium, branches straight to 
slightly sinuous toward sites of dissepiment emplace- 
ment, lateral branches often broadly curved toward 
edge of zoarium; branches transversely circular to ovate, 
closely spaced. Branches joined at highly regular in- 
tervals by intermediate-width, intermediate-length 
dissepiments. Fenestrule size intermediate, shape el- 
liptical to approaching rectangular, moderately irreg- 
ular. Autozooecial apertures small, circular, surround- 
ed by thin, well-developed incomplete peristome open 
only at proximal-adaxial edge; two to four (most com- 
monly three) apertures per fenestrule. Single narrow 
keel along middle of obverse branch, atop which are 
positioned intermediate-size, ovate nodes. Autozooe- 
cial chamber size intermediate, chambers emplaced in 
two rows, except third row at sites of branch bifurca- 
tion; outline irregularly ovate near reverse-wall bud- 
ding-site; rapidly expanding, becoming a parallelogram 
throughout mid chamber; bilobate-ovate near obverse 
surface. Chambers elongate proximodistally, parallel 
to reverse wall. Apertures at distal-abaxial end of 
chamber, connected to chamber by short, variable- 
length vestibule. Superior hemiseptum moderately well- 
developed, inferior hemiseptum well-developed, oc- 
casionally both fuse along chamber abaxial wall, re- 
stricting chamber opening. Lateral-wall budding-angle 
relatively constant (mean of 23°); reverse-wall bud- 
ding-angle highly constant (mean of 66°). Heterozooe- 
cia (ovicells?) occurring as intermediate size enlarge- 
ments between apertures. 

Table 14 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium robustness inter- 
mediate; generally forming a flat fan-shaped expan- 
sion, rarely slightly obversely curved; mesh spacing 
intermediate; moderate astogenetic thickening of both 
obverse and reverse zoarial skeleton; zoarial mesh pat- 
tern extremely regular. Probable mature widths of 10 


Table 14.—Summary numerical analysis of Laxifenestella mac- 
ulasimilis, n. sp. For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 


of 


mea- coeffi- 
sure- standard cient of observed 
ments mean deviation variation range 
1. WB 24 0.2997 0.0724 24.16 0.169-0.481 
2. DBC 24 0.5203 0.0513 9.86  0.450-0.650 
3. WD 24 0.1676 0.0226 13.48  0.138-0.223 
4. LF 24 0.6196 0.0646 10.43  0.457-0.730 
5. WF 24 0.3118 0.0692 22.19 0.213-0.444 
6. AF 24 3.08 0.50 16.33 244 
7. AL 24 0.0759 0.0048 6.32  0.062-0.082 
9. ADB 24 0.2552 0.0224 8.78 0.205-0.300 
10. AAB 24 0.3010 0.0283 9.40  0.250-0.373 
11. ABB 24 0.2567 0.0310 12.08  0.207-0.400 
12. DN 24 0.1066 0.0250 23.45  0.060-0.163 
14. SNB 24 0.5084 0.1416 27.85  0.288-0.747 
15. WK 24 0.0199 0.0046 23.12 0.014-0.030 
16. DSO 24 0.0085 0.0014 16.47 0.006-0.020 
17. SSO 24 0.0163 0.0053 32.52 0.012-0.037 
18. WP 24 0.0094 0.0019 20.21 0.006-0.014 
21. RSL 24 0.1421 0.0267 18.79 0.100-0.208 
22. RSS 24 0.0283 0.0072 25.44 0.012-0.063 
23. SSL 24 0.7627 0.2582 33.85 0.223-1.300 
24. SSS 24 0.0467 0.0159 34.05  0.019-0.142 
30. OL 14 0.1315 0.0112 8.52 0.117-0.153 
31. OW 14 0.1302 0.0110 8.45 0.116-0.149 
32. TRW 24 0.0076 0.0010 13.16  0.006-0.010 
33. TLW 24 0.0080 0.0012 15.00 0.006-0.011 
34. FWT 24 0.0444 0.0310 69.82 0.009-0.104 
35. RWT 24 0.0411 0.0176 42.82 0.008-0.076 
36. CL 24 0.2299 0.0137 5.96  0.203-0.267 
37. CD 24 0.1540 0.0099 6.43 0.132-0.167 
38. MAW 24 0.1396 0.0115 10.74 0.121-0.168 
40. VD 24 0.0698 0.0170 24.36 0.039-0.099 
41. RA 24 65.54 4.36 6.66 59-77 
42. LA 24 23.14 2.80 12.09 19-27 
43. TB 24 0.3654 0.0804 22.00  0.250-0.500 


to 25 mm; lengths 15 to 40 mm. 

Branch robustness intermediate; width narrow to 
lower-end intermediate, moderately variable; branches 
straight to slightly sinuous, bending toward sites of 
dissepiment emplacement, frequently lateral branches 
broadly curving toward edge of zoarium. Branches 
closely spaced, distance between adjacent branch cen- 
ters extremely regular. Obverse surface texture gran- 
ular; surface rounded except for presence of single nar- 
row, well-developed keel; keel continuous, straight, 
extending along branch midline, causing slight positive 
inflection on obverse surface profile. Keel frequently 
becomes covered by lamellar skeleton during astogeny, 
obverse surface texture becomes increasingly granular. 
Single row of well-developed intermediate size nodes, 
ovate in shape, elongate proximodistally, size and shape 
moderately regular, projecting from middle of keel; one 
to three nodes per fenestrule length, two most com- 
mon, spacing intermediate, moderately uneven; node 
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diameter slightly to moderately increasing with asto- 
geny. Small stylets, moderately regular in size, variably 
emplaced along obverse branch surface, increasing in 
size during astogeny. Reverse surface texture granular, 
becoming more coarsely granular with astogeny; bear- 
ing a moderate number of rows of intermediately spaced 
longitudinal striae which become overgrown during 
astogenetic thickening of lamellar skeleton. Numerous 
large microstylets positioned atop striae; microstylet 
size, shape and positioning atop striae moderately ir- 
regular, with size and irregularity increasing during as- 
togeny. Large macrostylets present along reverse branch 
midline; shape circular or ovate, elongate proximo- 
distally, with size and shape moderately regular; one 
to two macrostylets per fenestrule length, with most 
common placement at branch—dissepiment contact; 
macrostylet spacing highly irregular, with size of ma- 
crostylets greatly increasing during astogeny. Auto- 
zooecia arranged in two rows, except third row only at 
sites of branch bifurcation where middle autozooecium 
evidently shared by both branches; branch diameter 
thickens proximal and thins slightly distal to sites of 
branch bifurcation; otherwise diameters moderately 
constant. Heterozooecia (ovicells?) occurring as inter- 
mediate size enlargements positioned between aper- 
tures; mean width and length of polymorphs approx- 
imately twice that of autozooecial apertures; connection 
between polymorph and autozooecial chamber prob- 
able; polymorphs primarily situated toward proximal 
end of zoarium. 

Dissepiment width intermediate, slightly greater than 
half branch width, width constant; length intermediate, 
constant; dissepiments connect branches at highly reg- 
ular intervals. Dissepiments thin medially, flare at dis- 
sepiment-branch contact; highly recessed from ob- 
verse, approximately even with reverse surface. 
Moderate astogenetic thickening of dissepiments. Ob- 
verse dissepiment surface with one to three longitu- 
dinal striae across dissepiment perpendicular to direc- 
tion of branch length; reverse dissepiment surface with 
numerous rows of longitudinal striae atop which occur 
closely spaced rows of small microstylets; microstylet 
number decreasing, size increasing during astogenetic 
thickening of dissepiments; both obverse and reverse 
dissepiment surfaces granular in texture. Emplacement 
of dissepiments perpendicular or at small angle from 
perpendicular to branch length. Apertures commonly 
open on proximal or distal edge of dissepiments, rarely 
in middle of dissepiment edge at branch—dissepiment 
contact; apertures arranged symmetrically or asym- 
metrically between branches. 

Fenestrule size intermediate; shape most commonly 
elliptical to approaching rectangular, elongate proxi- 
modistally; irregular in size, moderately irregular in 
shape; expanding in length and width in obverse-re- 


verse direction. Mean width of fenestrule slightly less 
than mean branch width on obverse surface, slightly 
greater on reverse; fenestrule opening decreasing in size 
toward proximal end of zoarium due to astogenetic 
thickening of lamellar skeleton. Width to length ratio 
of fenestrule approximately 1:2; length much more 
constant than width. Two to four apertures per fenes- 
trule length, three most common; distance between 
closest aperture centers along branch, across branch, 
and across fenestrule all approximately equal, resulting 
in an evenly spaced grid of apertures across obverse 
zoarial surface. 

Autozooecial apertures small, circular, sometimes 
irregular in outline; size uniform, shape moderately 
variable, opening oriented parallel to plane of obverse 
surface. Thin, well-developed incomplete peristome, 
continuous around all but most proximal-adaxial edge 
of aperture, leaving a small to intermediate size peri- 
stomal gap. Aperture margin extends into fenestrule, 
causing pronounced inflections in fenestrule outline on 
obverse surface. Centrally thickened terminal dia- 
phragm commonly present toward proximal end of 
zoarium. 

Zoarial supports rare, when present develop as ex- 
tensions of reverse zoarial surface and lateral edge of 
zoarium. 

Interior description.— Branches circular to ovate in 
cross-section, elongate parallel to zoarial surface. 
Branches medium in thickness, variable. 

Autozooecial living chamber size intermediate, 
chambers biserially arranged in alternating rows along 
a planar branch axial wall; axial wall straight to slightly 
sinuous, extending toward and connecting with mod- 
erately long chamber lateral walls. Chambers elongate 
proximodistally, parallel to reverse wall. Autozooecial 
chamber outline irregularly ovate near reverse-wall 
budding-site; expanding rapidly, becoming a parallel- 
ogram, with distal edge of parallelogram near branch 
edge, throughout most of chamber; bilobate-ovate ap- 
pearance to chamber near obverse surface, longest di- 
rection of ovoid oriented distal-abaxially; chamber 
shape highly uniform. Aperture positioned at distal- 
abaxial end of chamber, connected to chamber by well- 
developed short vestibule of variable length. Ratio of 
chamber width to depth 9:10; depth to length ratio 
approximately 2:3; depth and length more constant 
than width. Superior hemiseptum moderately well-de- 
veloped, forms as extension of proximal vestibular ad- 
axial edge and front chamber wall; well-developed in- 
ferior hemiseptum positioned in mid chamber along 
reverse wall and extending across entire chamber per- 
pendicular to chamber length; hemisepta restrict 
chamber opening size between autozooecial chamber 
and inner vestibule edge; occasionally fusing of supe- 
rior and inferior hemisepta observed. Autozooecial 
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chamber diverges laterally from middle of branch at 
relatively constant angle (mean of 23°); from reverse 
wall at a highly constant angle (mean of 66°). Length 
and depth of enlarged polymorphs (ovicells?) approx- 
imately equal to those of standard autozooecial cham- 
bers; width slightly greater. 

Three-dimensionally reconstructed chamber form 
box-like with indentations in “‘box”’ caused by hemi- 
septal positioning; long dimension as viewed from ob- 
verse surface, approximately equidimensional in depth 
and width, as viewed from distal and lateral edges of 
branch, respectively. 

Internal granular skeletal layer moderately thick, ex- 
hibiting slight astogenetic thickening, continuous with 
obverse nodes, keel and peristome; reverse longitudi- 
nal striae and both macrostylets and microstylets; across 
dissepiments and in the middle of zoarial supports. 
Outer lamellar layer thickness intermediate to thin, 
with moderate astogenetic thickening. 

Remarks.—Laxifenestella maculasimilis is similar 
to other laxifenestellids in development of superior and 
inferior hemisepta and fusion of these hemisepta across 
the autozooecial chamber, as well as characteristic in- 
dented box-like shape of the chamber. It can be dis- 
tinguished from other laxifenestellids by presence of 
reverse macrostylets and smaller aperture size than all 
other laxifenestellids, along with significantly smaller 
autozooecial chambers than the other coarsely meshed 
laxifenestellids, L. fluctuata, n. sp. and L. coniuncti- 
styla, n. sp. 

Although present in suites of the Warsaw fauna col- 
lected by Ulrich, this species was placed with Archi- 
medes Hall, 1858 on the basis of close general exterior 
appearance. Examination of oriented peels shows dis- 
tinctive features such as presence of superior and in- 
ferior hemisepta present in L. maculasimilis, but ab- 
sent in Archimedes. 

Material studied.— Thirty-two exterior fragments, 14 
sectioned specimens; largest zoarial fragment 16 x 21 
mm (width to length). Preservation of the zoarial frag- 
ments excellent, as observed in the microstructural 
detail evident. 

Occurrence.—Laxifenestella maculasimilis is com- 
mon throughout the Warsaw study area; occurring in 
both calcarenites and shales. 

Holotype.—UI X-6811 (loc. 49B, sample 8). 

Paratypes.—UI1 X-6808-6810, 6812-6815, 6759, 
6760 (loc. 49B, samples 8, 10, 11, 17), 6944, 6945, 
6767 (loc. 47A, sample 32), 6732, 6733 (loc. 49B, sam- 
ples 12, 16). 


Laxifenestella serratula (Ulrich, 1890) 
Plate 9, figures 3-11, Plate 10, figures 1-8, 
Plate 11, figure 1; Table 15 


Fenestella serratula Ulrich, 1890, p. 544, pl. 50, figs. 5—Sc [Keokuk 
Group, Nauvoo, Illinois; Warsaw Beds, Monroe County and War- 
saw, Illinois; St. Louis Limestone, Caldwell, Lyon, and Crittenden 
counties, Kentucky; Chester Group, Sloan’s Valley, Kentucky]; 
Keyes, 1894, p. 23 [Keokuk Limestone, Keokuk, Iowa]; Cumings, 
1906, p. 1280, pl. 30, figs. 2-2c, 3-3a; Condra and Elias, 1944, 
pp. 72-76, pl. 13, figs. 6-8; pl. 21, figs. 4, 5; pl. 36, fig. 3; Elias 
and Condra, 1957, p. 409, pl. 45, fig. 2; pl. 46, figs. 7-9; pl. 48, 
fig. 1; Koenig, 1958, pp. 137-138, pl. 21, fig. 5; Trizna, 1958, p. 
135, pl. 39, figs. 1-5; pl. 40, figs. 1-3; Burckle, 1960, pp. 1082- 
1083, pl. 131, figs. 4, 6. 


Diagnosis.—Zoarium robustness intermediate, mesh 
close, pattern extremely regular; branches delicate, 
width narrow, thickness thin; branches most com- 
monly straight, lateral branches frequently broadly 
curved toward edge of zoarium; branches usually trans- 
versely ovate, rarely circular, closely spaced. Inter- 
mediate width, short dissepiments connect branches 
at highly regular intervals. Fenestrules small, shape 
elliptical to approximately rectangular, regular. Au- 
tozooecial aperture size lower-end intermediate, pre- 
dominantly ovate, elongate proximoabaxially, rarely 
circular, surrounded by well-developed incomplete 
peristome open only at proximal-adaxial edge; two to 
three (most commonly two) apertures per fenestrule. 
Single narrow keel along obverse branch midline, atop 
which are positioned intermediate size, ovate nodes. 
Autozooecial chamber size lower-end intermediate, 
chambers emplaced in two rows, except third row at 
sites of branch bifurcation; outline irregularly ovate to 
elliptical near reverse-wall budding-site; rapidly ex- 
panding, becoming irregularly pentagonal throughout 
mid chamber; bilobate-elliptical near obverse surface. 
Chambers elongate proximodistally, parallel to reverse 
wall. Apertures at distal-abaxial end of chamber, con- 
nected to chamber by short, variable-length vestibule. 
Superior and inferior hemisepta present, both well- 
developed, frequently hemisepta fuse in mid chamber, 
partitioning chamber and restricting chamber opening. 
Lateral-wall budding-angle moderately variable (mean 
of 22°); reverse-wall budding-angle highly constant 
(mean of 71°). 

Table 15 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium robustness inter- 
mediate; expansion flat to slightly obversely curved, 
fan-shaped; mesh close; moderate to slight astogenetic 
thickening of both obverse and reverse zoarial lamellar 
skeleton; zoarial mesh pattern extremely regular. Prob- 
able mature widths 15 to 20 mm, lengths 15 to 25 mm. 

Branches delicate; width narrow, relatively variable; 
most commonly straight, outer branches frequently 
broadly curved toward lateral edge of zoarium. 
Branches closely spaced, with distance between adja- 
cent branch centers highly regular. Obverse surface tex- 
ture granular; surface flat to slightly rounded, except 
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Table 15.—Summary numerical analysis of Laxifenestella serratu- 
/a (Ulrich, 1890). For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.2744 0.0434 15.82 0.193-0.343 
2. DBC 24 0.4420 0.0330 7.47 0.380-0.513 
3. WD 24 0.1559 0.0328 20.63 0.115-0.260 
4. LF 24 0.3354 0.0398 11.87 0.257-0.415 
5. WF 24 0.2008 0.0259 12.90  0.150-0.096 
6. AF 24 2.25 0.44 19.66 2-3 
7. AL 24 0.0995 0.0029 2.91 0.093-0.104 
8. AW 24 0.0844 0.0040 4.74  0.073-0.096 
9. ADB 24 0.2354 0.0144 6.12  0.192-0.258 
10. AAB 24 0.2418 0.0167 6.91 0.210-0.273 
11. ABB 24 0.2493 0.0241 9.67 0.192-0.295 
12. DN 24 0.0885 0.0174 19.66 0.057-0.123 
14. SNB 24 0.1659 0.0601 36.23 0.098-0.307 
15. WK 24 0.0223 0.0048 21.52 0.014-0.033 
16. DSO 24 0.0052. 0.0009 17.31 0.004—0.006 
17. SSO 24 0.0267 0.0091 34.08 0.011-0.043 
18. WP 24 0.0129 0.0024 18.60 0.008-0.016 
22. RSS 24 0.0064 0.0011 17.19  0.005-0.009 
24. SSS 24 0.0286 0.0083 29.02 0.023-0.040 
32. TRW 24 0.0065 0.0007 10.77. 0.005-0.008 
33. TLW 24 0.0064 0.0007 10.94  0.005-0.008 
34. FWT 24 0.0341 0.0244 71.56 0.005-0.093 
35. RWT 24 0.0417 0.0222 53.24 0.010-0.081 
365 CL 24 0.2185 0.0078 3.57 0.209-0.230 
37. CD 24 0.1386 0.0056 4.04 0.131-0.148 
38. MAW 24 0.1433 0.0189 13.19 0.111-0.187 
39. MIW 24 0.0939 0.0144 15.36 0.071-0.118 
40. VD 24 0.0596 0.0190 31.88  0.035-0.088 
41. RA 24 71.04 3157 5.02 64-80 
42. LA 24 229; 2.26 10.19 19-27 
43. TB 24 0.2525 0.0303 12.12 0.171-0.312 


single, narrow, moderately well-developed keel; keel 
continuous, straight to slightly anastomosing, extend- 
ing along branch midline and causing positive inflec- 
tion on obverse surface. Keel exhibiting pronounced 
thickening toward proximal end of zoarium due to 
astogenetic thickening of lamellar skeleton. Single row 
of alternately emplaced, well-developed, intermediate- 
size nodes; shape ovate, proximodistally elongate, size 
and shape of nodes moderately regular, formed as pro- 
jections from middle of keel; two to four nodes per 
fenestrule length, three most common; nodes closely, 
moderately unevenly spaced; node diameter increasing 
with astogeny. Small stylets, moderately regularly sized, 
variably emplaced along obverse branch surface, in- 
creasing in size and frequently fusing with astogeny. 
Reverse surface texture granular, coarsening with as- 
togeny; bearing a moderate number of rows of closely 
spaced longitudinal striae atop which are positioned 
closely spaced rows of small microstylets; stylet size 
moderately regular, stylets increasing in diameter 
slightly with astogeny, frequently overgrowing and ob- 


scuring longitudinal striae toward proximal end of 
zoarium. Autozooecia arranged in two rows, except 
third row only at sites of branch bifurcation where 
middle autozooecium evidently shared by both 
branches; branch diameter thickens proximal and thins 
moderately distal to sites of branch bifurcation; oth- 
erwise diameters highly constant. Heterozooecia not 
observed in any specimen examined. 

Dissepiments of intermediate width, slightly greater 
than half branch width, width moderately variable; 
length short, constant; connect branches at highly reg- 
ular intervals. Dissepiments moderately barlike, flare 
slightly at dissepiment—branch contact; slightly re- 
cessed from obverse, approximately even with reverse 
surface. Moderate astogenetic thickening of dissepi- 
ment. Obverse dissepiment surface with one to three 
longitudinal striae across dissepiment perpendicular to 
direction of branch length; reverse dissepiment surface 
with moderate number of rows of longitudinal striae 
atop which occur intermediately spaced rows of small 
stylets; striae becoming obscured during astogeny; both 
obverse and reverse dissepiment surface texture gran- 
ular. Emplacement of dissepiments perpendicular or 
nearly perpendicular to branch length. Apertures open 
on proximal edge, distal edge, or in middle of dissep- 
iment at dissepiment—branch contact; apertures ar- 
ranged symmetrically or asymmetrically between 
branches. 

Fenestrule size small; shape most commonly ellip- 
tical to approximately rectangular, elongate proxi- 
modistally; both size and shape regular; moderately 
expanding in width and length in obverse-reverse di- 
rection. Mean width of fenestrule approximately three- 
fourths that of branch on obverse surface, about equal 
on reverse; fenestrule opening decreasing in size toward 
proximal end of zoarium due to astogenetic thickening 
of lamellar skeleton. Width to length ratio of fenestrule 
approximately 2:3; width and length both moderately 
constant. Two to three apertures per fenestrule length, 
two most common; distance between closest aperture 
centers along branch, across branch, and across fenes- 
trule all approximately equal, resulting in an evenly 
spaced grid of apertures across obverse zoarial surface. 

Autozooecial aperture size lower-end intermediate, 
apertures predominantly ovate, elongate proximoab- 
axially, rarely circular; opening moderately large rel- 
ative to branch diameter, size and shape both highly 
consistent; oriented parallel to plane of obverse sur- 
face. Peristome thin, well-developed; incomplete, con- 
tinuous around all but most proximal-adaxial edge of 
aperture, leaving a small peristomal gap. Aperture 
margin extends into fenestrule, causing pronounced 
inflections in outline on obverse surface. Apertures 
commonly capped by centrally thickened terminal di- 
aphragms toward proximal end of zoarium. 
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Zoarial supports common, develop as extensions of 
reverse zoarial surface and lateral edge of zoarium. 

Interior description.— Branches most commonly 
ovate in cross-section, elongate parallel to zoarial sur- 
face, rarely circular in cross-section. Branches shallow, 
moderately regular in thickness. 

Autozooecial living chamber size lower-end inter- 
mediate, chambers biserially arranged in alternating 
rows along a planar branch axial wall; axial wall sin- 
uous, extending toward and connecting with proximal 
and distal chamber lateral walls. Chambers elongate 
parallel to reverse wall in proximodistal direction. Au- 
tozooecial outline irregularly ovate to elliptical near 
reverse-wall budding-site; expanding rapidly, becom- 
ing irregularly pentagonal throughout most of chamber 
depth; chamber bilobate-elliptical near obverse sur- 
face, with separation between proximal-adaxial and 
distal-abaxial ends of the chamber; shape of chamber 
highly uniform. Aperture positioned at distal-abaxial 
end of chamber, connected to chamber by well-devel- 
oped short vestibule of variable length. Ratio of cham- 
ber minimum width to maximum width approxi- 
mately 2:3; maximum width and depth approximately 
equal; depth to length ratio 5:8; depth and length more 
constant than width. Superior hemiseptum well-de- 
veloped, forms as extension of proximal vestibular in- 
terior edge and front chamber wall, extending across 
width of entire chamber; well-developed, curved in- 
ferior hemiseptum, emerging from junction of lateral 
and reverse wall, divides chamber in half transversely 
and longitudinally from proximal end of vestibule to 
middle of chamber reverse wall; frequent fusing of su- 
perior and inferior hemisepta to form a partial to nearly 
complete partition across chamber and between cham- 
ber and inner vestibule edge. Autozooecial chamber 
diverges laterally from middle of branch at a moder- 
ately variable angle (mean of 22°); from reverse wall 
at a highly constant angle (mean of 71°). 

Three-dimensionally reconstructed chamber form 
box-like with pronounced indentations in “box” caused 
by hemiseptal partitioning; longest dimension of “box”’ 
as viewed from obverse surface, approximately equi- 
dimensional in depth and width as viewed from distal 
and lateral edges of branch, respectively. 

Internal granular skeletal layer thickness interme- 
diate, continuous with obverse nodes, stylets, keel, and 
peristome; reverse longitudinal striae and microstylets; 
across dissepiments and in the middle of zoarial sup- 
ports. Outer lamellar thickness intermediate to thin, 
with moderate astogenetic thickening. 

Remarks.—Superior and inferior hemiseptal devel- 
opment, in conjunction with three-dimensional auto- 
zooecial chamber shape, readily place Laxifenestella 
serratula with the other laxifenestellids. L. serratula is, 
however, distinguished by closer mesh spacing, closely 


spaced, slightly alternating obverse nodal develop- 
ment, smaller chamber size, and smaller branch width 
than the other laxifenestellids. 

Close external similarity exists between L. serratula 
and R. tenax (Ulrich, 1888) in mesh spacing, branch 
dimensions, nodal size and placement, and aperture 
placement. However, comparison of interior charac- 
ters in these two species shows moderate to extreme 
differences in autozooecial chamber size and shape, 
and illustrates lack of inferior hemisepta with only 
presence of short superior hemiseptal development in 
R. tenax when compared to the well-developed su- 
perior and inferior hemisepta in L. serratula. Using 
the micrometric (meshwork) formula, one would prob- 
ably place L. serratulaand R. tenax in the same species; 
when based on internal and external characters com- 
bined, they are placed under separate genera. 

Recognition of L. serratula in numerous localities 
covering a long time range probably reflects reliance 
on the meshwork formula or similar approaches. 

Material studied.— Thirty-five exterior fragments, | 1 
sectioned specimens; largest zoarial fragment 11 x16 
mm (width to length). The preservation of many zoar- 
ial fragments is excellent, although materials are fre- 
quently crushed, obscuring internal details. 

Occurrence.—Laxifenestella serratula is common 
throughout the Warsaw study area, occurring both in 
shaly and calcarenitic facies. Zoarial mesh varies slightly 
from north to south with slight coarsening of mesh in 
the south. However, size and shape of internal char- 
acters are constant and apparently not dependent on 
mesh variation. 

Syntypes.—USNM 44079, ISGS (ISM) 2745-2/4. 
Several specimens are illustrated in Ulrich (1890, pl. 
SOs figs:s5s Sas bs5c): 

Figured and/or measured specimens.—UI X-6741 
(loc. 11, sample 61), 6837-6843 (loc. 49B, samples 12, 
13), 6765 (loc. 47A, sample 32). 


Laxifenestella fluctuata, new species 
Plate 11, figures 2-11, Plate 12, figures 1-8, 
Plate 13, figure 1; Table 16 


Etymology of name.—The name refers to the fluc- 
tuating or anastomosing nature of the branches that 
characterizes this species. 

Diagnosis.—Zoarium robustness intermediate, mesh 
intermediate, pattern highly variable; branches robust, 
lower-end wide in width, upper-end intermediate in 
thickness; branches ranging from straight to highly sin- 
uous toward sites of dissepiment emplacement, lateral 
branches frequently broadly curved toward edge of 
zoarium; branches transversely ovate, closely spaced. 
Branches joined at moderately irregular intervals by 
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Table 16.—Summary numerical analysis of Laxifenestella fluc- 
tuata, n. sp. For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- Standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.3941 0.0800 20.30 0.263-0.567 
2. DBC 24 0.6724 0.1302 19.36 0.363-0.973 
3. WD 24 0.3780 0.1304 34.50 0.194—0.673 
4. LF 24 0.6873 0.1973 28.71 0.270-1.100 
5. WF 24 0.3630 0.0842 23.20 0.240-0.531 
6. AF 24 3.50 0.78 22.29 2-5 
7. AL 24 0.0913 0.0107 11.72 0.075-0.117 
8. AW 24 0.0740 0.0073 9.86  0.060-0.088 
9. ADB 24 0.2617 0.0316 12.07 0.177-0.323 
10. AAB 24 0.2945 0.0377 12.80 0.231-0.364 
11. ABB 24 0.3986 0.0848 21.27  0.270-0.590 
12. DN 24 0.1308 0.0380 29.05 0.078-0.219 
14. SNB 24 0.6309 0.1966 31.16 0.187-1.020 
15. WK 24 0.0461 0.0078 16.92 0.032-0.059 
16. DSO 24 0.0086 0.0020 23.26 0.004-0.018 
17. SSO 24 0.0196 0.0059 30.10 0.014—0.039 
18. WP 24 0.0196 0.0039 19.90  0.016-0.034 
30. OL 17 0.1821 0.0266 14.61  0.138-0.240 
31. OW 17 0.1525 0.0209 13.70 0.127-0.192 
32. TRW 24 0.0078 0.0009 11.54 0.006-0.010 
33. TLW 24 0.0143 0.0053 36.96  0.008-0.027 
34. FWT 24 0.0636 0.0272 42.77 0.024—0.129 
35. RWT 24 0.0894 0.0323 36.13 0.029-0.141 
36. CL 24 0.2807 0.0165 5.88  0.260-0.314 
37. CD 24 0.1466 0.0135 9.21 0.121-0.176 
38. MAW 24 0.1622 0.0151 9.31 0.129-0.185 
40. VD 24 0.0606 0.0134 22.11 0.040-0.082 
41. RA 24 76.75 8.50 11.08 64-95 
42. LA 24 27.42 3.59 13.08 18-34 
43. TB 24 0.1979 0.0116 5.86 0.179-0.225 


intermediate-width, intermediate-length dissepi- 
ments. Fenestrule size intermediate, shape ovate to 
elliptical, variable. Autozooecial aperture size lower- 
end intermediate, ovate; surrounded by thin, inter- 
mediately developed complete peristome; two to five 
(three or four most common) apertures per fenestrule. 
Single upper-end narrow keel along middle of obverse 
branch, atop which are positioned large, ovate nodes. 
Autozooecial chamber size intermediate, chambers 
most commonly emplaced in two rows, occasionally 
three rows for short to intermediate distances imme- 
diately proximal to sites of branch bifurcation; outline 
irregularly elliptical to ovate near reverse-wall bud- 
ding-site; rapidly expanding, becoming an irregular 
parallelogram to ellipse throughout mid chamber; bi- 
lobate-ovate near obverse surface. Chambers elongate 
proximodistally, parallel to reverse wall. Apertures at 
distal-abaxial end of chamber, connected to chamber 
by intermediate and variable-length vestibule. Superior 
and inferior hemisepta present, well-deve- 
loped, frequently fuse causing restriction in chamber 


opening at proximal vestibular edge. Lateral-wall bud- 
ding-angle variable (mean of 27°); reverse-wall budding- 
angle moderately variable (mean of 77°). Heterozooe- 
cia (ovicells?) occurring as intermediate size enlarge- 
ments of some chambers. 

Table 16 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium robustness _ inter- 
mediate; forming a flat to slight obversely curved fan- 
shaped expansion; mesh spacing intermediate; distrib- 
uted across zoarial surface, most frequently positioned 
at or near site of branch—dissepiment contact. 

Dissepiments of intermediate width, slightly less than 
branch width, width highly variable; length interme- 
diate, moderately variable; connect branches at mod- 
erately irregular intervals. Dissepiments thin medially, 
flare at dissepiment—branch contact; moderately re- 
cessed from obverse, less so from reverse surface. Pro- 
nounced astogenetic thickening of dissepiments. Ob- 
verse and reverse dissepiment surfaces highly granular, 
granularity increasing with astogeny; otherwise dissep- 
iment surfaces lack ornamentaion. Emplacement of 
dissepiments approximately perpendicular to branch 
length. Apertures commonly open on proximal or dis- 
tal edge or in middle of dissepiment edge at branch— 
dissepiment contact; apertures arranged symmetrically 
or asymmetrically between branches. 

Fenestrule size intermediate; shape ovate to ellip- 
tical, elongate proximodistally; variable in both size 
and shape; width and length the same on both obverse 
and reverse surfaces. Mean width of fenestrule slightly 
less than mean branch width, slight decrease in size of 
fenestrule opening toward proximal end of zoarium 
due to astogenetic thickening of lamellar skeleton. Ra- 
tio of fenestrule width to length approximately 1:2; 
both width and length moderately variable. Two to 
five apertures per fenestrule length, three to four most 
common; distance between closest aperture centers 
along branch and across branch approximately equal; 
distance between closest aperture centers across fenes- 
trule 1.4 times greater. 

Autozooecial aperture size lower-end intermediate; 
apertures ovate, elongate proximodistally or proxi- 
moabaxially, frequently irregular in outline, shape 
variable; opening ranging from parallel to plane of ob- 
verse surface to attaining slight angle toward fenestrule. 
Thin, intermediately developed continuous peristomes 
surround apertures. Minor extension of aperture into 
fenestrule, causing very slight inflections in fenestrule 
outline on obverse surface. Centrally thickened ter- 
minal diaphragms present, most common toward end 
of zoarium, moderate astogenetic thickening of both 
obverse and reverse zoarial skeleton; zoarial pattern 
highly variable. Probable mature widths of 25 to 30 
mm; lengths 35 to 45 mm. 
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Branches robust; lower-end wide in width, variable; 
ranging from straight to highly sinuous, with pro- 
nounced inflections toward sites of dissepiment em- 
placement, frequently lateral branches broadly curved 
toward edge of zoarium. Branches closely spaced, dis- 
tance between adjacent branch centers moderately reg- 
ular. Obverse surface texture granular; surface round- 
ed, except for presence of single upper-end narrow, 
poorly developed keel; keel intermittent, moderately 
straight, extending along branch midline, causing mod- 
erate positive inflection on obverse surface. During 
astogeny lamellar skeleton frequently develops to cov- 
er keel and granularity of obverse surface texture in- 
creases. Single row of well-developed large nodes pres- 
ent, ovate in shape, proximodistally elongate, size and 
shape moderately variable, projecting from middle of 
keel; one to two nodes per fenestrule length, one most 
common, spacing intermediate, highly uneven; node 
diameter greatly increasing with astogeny. Small vari- 
able size stylets irregularly positioned across obverse 
surface. Reverse surface texture highly granular, coars- 
ening with astogeny; moderate number of rows of 
closely spaced longitudinal striae at most distal end of 
zoarium atop which occur rows of small, irregular size 
and shape microstylets. Both striae and microstylets 
covered by secondary lamellar skeleton at middle and 
proximal end of zoarium. Autozooecia most com- 
monly in two rows across branch, occasionally three 
rows for short to intermediate distances immediately 
proximal to sites of branch bifurcation; branch di- 
ameter thickens proximal, exhibits pronounced thin- 
ning distal to sites of branch bifurcation, branch di- 
ameters moderately variable. Heterozooecia (ovicells?) 
occurring as moderate enlargements of some apertures; 
shape ovate, mean diameter of polymorphs approxi- 
mately twice that of autozooecial apertures, polymorph 
width-to-length ratio approximately 4:5. 

Zoarial supports common, develop as extensions of 
reverse zoarial surface and lateral edge of zoarium. 

Interior description.— Branches ovate in cross-sec- 
tion, moderately elongate parallel to plane of zoarial 
surface. Branch thickness upper-end medium, mod- 
erately variable. 

Autozooecial living chamber size intermediate, 
chambers biserially arranged in alternating rows along 
a straight to slightly sinuous branch axial wall, ex- 
tending toward and connecting with moderately long 
chamber lateral walls. Chambers elongate proximo- 
distally, parallel to reverse wall. Autozooecial chamber 
outline irregularly elliptical to ovate near reverse-wall 
budding-sites; rapidly expanding, becoming an irreg- 
ular parallelogram to ellipse in mid and throughout 
most of chamber depth; bilobate-ovate appearance to 
chamber near obverse surface, with longest direction 
of ovoid oriented proximodistally or proximoabaxi- 


ally; chamber shape moderately uniform. Aperture po- 
sitioned at distal-abaxial end of chamber, connected 
to chamber by extremely well-developed intermediate 
length vestibule of variable length. Ratio of chamber 
width to depth approximately 10:9; depth to length 
ratio approximately 1:2; chamber length more constant 
than width and depth. Well-developed superior hem1- 
septum forms as proximal extension of adaxial ves- 
tibular edge, extends across almost entire depth of 
chamber; well-developed short inferior hemiseptum 
extends across reverse-wall width two-thirds the way 
distally from chamber proximal edge; superior and in- 
ferior hemisepta frequently fuse, greatly restricting 
opening between autozooecial chamber and inner ves- 
tibular edge. Autozooecial chambers diverge laterally 
from middle of branch at variable angle (mean of 27°); 
from reverse wall at a moderately variable angle (mean 
of 77°). Length and depth of enlarged polymorphs (ovi- 
cells?) approximately equal to those of standard au- 
tozooecial chambers; width 1.2 times greater. 

Three-dimensionally reconstructed chamber form 
box-like, rounded, with pronounced indentations in 
“box”? caused by hemiseptal partitioning; longest di- 
mension of ‘‘box’’ as viewed from obverse surface, 
approximately equidimensional in depth and width as 
viewed from distal and lateral edges of branch respec- 
tively. 

Internal granular skeleton thick, continuous with ob- 
verse nodes, keel, and peristome; reverse longitudinal 
striae; across dissepiments and in the middle of zoarial 
supports. Outer lamellar layer intermediate to thick, 
showing moderate astogenetic thickening. 

Remarks.—Laxifenestella fluctuata 1s differentiated 
from other laxifenestellids by the presence of three 
rows of autozooecia for distances proximal to sites of 
branch bifurcation, whereas other laxifenestellids only 
have the third row at site of bifurcation; by greater 
chamber width than depth, whereas all other laxife- 
nestellids observed have greater depth than width; by 
generally anastomosing nature of branches; and by 
greater width and depth of branches. 

Interior characters including autozooecial chamber 
shape and symmetry, and development of superior and 
inferior hemisepta in this species closely resemble those 
found in other laxifenestellids. Exterior differences be- 
tween species are often quite pronounced. 

Material studied.—Twenty-five exterior fragments, 
14 sectioned specimens; largest zoarial fragment 16 x 18 
mm (width to length). Excellent preservation is ob- 
served in almost all zoarial fragments collected. 

Occurrence.— Laxifenestella fluctuata is a relatively 
rare component of the Warsaw fauna at the Valmeyer 
and St. Louis localities, but occurs throughout the for- 
mation in both limestones and shales at these localities. 

Holotype.—UI X-6778 (loc. 49B, sample 12). 
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Paratypes.—UI X-6724-6729, 6771-6777 (loc. 49B, 
samples 8, 11, 12, 17). 


Genus MINILYA Crockford, 1944 
Text-figure 10 
Minilya Crockford, 1944, pp. 165-185, pl. 1, figs. 5, 7; text-figs. Ic, 


d. 
Rhombofenestella Termier and Termier, 1971, p. 39. 


Type species.—Minilya duplaris Crockford, 1944; 
[Lower Permian, Australia]. 

Typical Warsaw species.—Minilya sivonella, n. sp. 
[Osage-—Meramec, Warsaw, Illinois]. 

Diagnosis.— Zoarium robustness intermediate to ro- 
bust, mesh spacing intermediate; triangular to irregu- 
larly pentagonal chamber outline in mid tangential sec- 
tion, chamber size intermediate; poorly to well- 
developed superior hemiseptum present, inferior 
hemiseptum absent, reverse-wall budding-angle high 
(means of 74° to 89°); alternating rows of large stylets 
along obverse surface formed as extensions of apertural 
peristomal ring. 

Three-dimensionally reconstructed chamber form 
cuneate. 

Description.—Zoarium robustness intermediate to 
robust, expansion flat to slightly obversely curved, mesh 
spacing intermediate, regular to variable in uniformity. 

Branch width narrow to intermediate, straight to 
sinuous in trace with lateral branches broadly curved 
toward edge of zoarium, branch surface rounded. Keel 
present, single, narrow, width increases with astogeny 
and keel becomes covered. Nodes present or absent, 
emplacement monoserial, size intermediate, shape 
ovate, located in middle of keel, closely spaced. Ob- 
verse stylets present, size extremely small to inter- 
mediate, occurring across obverse surface. Microsty- 
lets present, size small to extremely small. Macrostylets 
present in some species, large, typically occurring at 
branch-dissepiment junction. Autozooecia in two rows, 
third row at sites of branch bifurcation. Heterozooecia 
absent. 

Dissepiment width thin to intermediate, length short 
to intermediate, placement regular to variable. 

Fenestrule size intermediate, shape rectangular, el- 
liptical to ovate. 

Aperture size small to intermediate, shape circular, 
oriented parallel to plane of obverse surface or at slight 
angle toward fenestrule; peristome present, incom- 
plete; two sizes of apertural stylets, small apertural 
stylets filling peristomal gap and two large apertural 
stylets developing from adaxial and abaxial apertural 
edge; terminal diaphragms present, primarily occur- 
ring toward proximal end of zoarium. 

Branch shape in cross-section ranging from circular 
to ovate. Branches thick in depth. 

Autozooecial chamber size intermediate, chambers 


monoserially emplaced, becoming biserially arranged 
along zigzagged axial wall; maximum chamber length 
extending proximodistally, parallel to reverse wall. 
Chamber outline triangular near reverse wall, trian- 
gular to rarely irregularly pentagonal in mid chamber, 
becoming irregularly elliptical near obverse surface. 
Vestibule present, length short to long. Superior hemi- 
septum present, poorly to well-developed at proximal 
vestibular edge, inferior hemiseptum absent. Lateral- 
wall budding-angle approximately 22° to 25° (means); 
reverse-wall budding-angle approximately 74° to 89° 
(means). Lamellar skeletal layer thick, exhibiting pro- 
nounced astogenetic thickening; granular skeletal layer 
thick, exhibiting slight astogenetic thickening. 

Three-dimensionally reconstructed chamber form 
cuneate. 

Text-figure 10 illustrates zoarial outlines in longi- 
tudinal, tangential, and transverse orientations and 
three-dimensional chamber reconstructions from dis- 
tal, abaxial branch edge, and obverse surface views. 

Remarks.— Acceptance of this genus has been slow 
in coming. Crockford (1944) introduced the genus, us- 
ing the following diagnosis: 


Fenestrellinae in which the branches show two rows of alternating 
zooecia, one on each side of a slight median carina; nodes small, in 
two rows on the carina, placed so that one node is lateral to each 
zooecial aperture; zooecia sub-triangular; structure of the reverse 
surface as in Fenestrellina (Crockford, 1944, p. 172). 


Elias and Condra (1957, p. 66) considered Minilya 
to be of subgeneric status because they doubted the 
taxonomic significance of biserial nodes adjacent to 
autozooecial apertures and the consistency of trian- 
gular zooecial chamber shapes; the main criteria used 
by Crockford in distinguishing the genus. Nekhoroshev 
(1960) placed Minilya in synonymy with Fenestella 
Lonsdale, 1839, for the same reasons as those of Elias 
and Condra. 

Both monoserial and biserial arrangement of nodes 
were found by Wass (1966) on the same zoaria and 
were considered nonspecific based on general mesh- 
work similarities. Wass also placed Mini/ya in syn- 
onymy with Fenestella. Morozova (1974), relying on 
tangential chamber outline, fenestrule shape, dissep1- 
ment size and shape, nodal number and placement, 
recognized Minilya and assigned 20 species to the ge- 
nus. 

Biserial nature of nodal placement can be achieved 
in several ways: as nodal extensions, nodes positioned 
across obverse surface without keel, large stylets that 
develop as extensions of peristome with one adaxially 
and one abaxially positioned stylet per aperture, biseri- 
al nature of aperture placement resulting in biserial 
nature of stylet placement. The latter characterizes 
Minilya as found in the Warsaw, and appears to be 
consistent with Minilya as described and illustrated by 
Crockford. Such stylet positioning associated with ap- 
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Table 17.—Summary numerical analysis of Minilya sivonella, n. 
sp. For explanation of abbreviations of characters (left column), see 
Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.3773 0.1034 27.41 0.225-0.600 
2. DBC 24 0.7054 0.1215 17.22. 0.500-0.875 
3. WD 24 0.1745 0.0485 27.79 0.113-0.275 
4. LF 24 0.8662 0.1765 20.38 0.500-1.125 
5. WF 24 0.3336 0.0585 17.54  0.250-0.438 
6. AF 24 3.50 0.78 22.29 2-5 
7. AL 24 0.1056 0.0107 10.13 0.080-0.120 
9. ADB 24 0.3936 0.0366 9.30  0.350-0.500 
10. AAB 24 0.3793 0.0319 8.41 0.320-0.440 
11. ABB 24 0.3914 0.0517 12.20 0.344-0.550 
12. DN 24 0.1139 0.0173 15.19 0.075-0.160 
14. SNB 24 0.2393 0.0428 17.89 0.128-0.300 
15. WK 24 0.0408 0.0080 19.61 0.030-0.055 
16. DSO 24 0.0102 0.0039 38.24 0.004—0.020 
17. SSO 24 0.0592 0.0211 35.64 0.030-0.100 
18. WP 24 0.0222 0.0051 22.97 0.012-0.032 
19. SA 24 10.42 0.67 7.42 10-12 
20. SAD 24 0.0094 0.0044 46.32 0.003-0.023 
21. RSL 24 0.1292 0.0498 38.54  0.050-0.250 
22. RSS 24 0.0097. 0.0027 28.72 0.007-0.015 
23. SSL 24 0.8500 0.3754 44.16  0.675-1.350 
24. SSS 24 0.0333 0.0123 36.94  0.020-0.063 
32. TRW 24 0.0158 0.0045 28.48  0.010-0.025 
33. TLW 24 0.0150 0.0045 30.00  0.010-0.025 
34. FWT 24 0.1215 0.0340 27.98  0.053-0.167 
35. RWT 24 0.1219 0.0386 31.67 0.056-0.180 
36. CL 24 0.3693 0.0194 5.25 0.343-0.405 
37. CD 24 0.1580 0.0175 11.08  0.125-0.180 
38. MAW 24 0.1394 0.0130 9.33, 0.120-0.175 
40. VD 24 0.1628 0.0190 11.67  0.133-0.200 
41. RA 24 88.50 4.49 5.07 80-93 
42. LA 24 21.75 4.73 21S 14-32 
43. TB 24 0.5133 0.0858 16.72  0.363-0.650 


ertural development suggests greater phylogenetic sig- 
nificance than nodes associated with keel or obverse 
surface development. Stylet development in conjunc- 
tion with chamber shape, superior hemisepta, high re- 
verse-wall budding-angle, and monoserial chamber 
emplacement endorse retention of Mini/ya as a valid 
genus. 

Species composition.—The type species, Minilya du- 
plaris Crockford, 1944, and two additional species are 
herein assigned to this genus: M. sivonella, n. sp., and 
M. paratriserialis, n. sp. Morozova (1974) assigned 20 
additional species. 

Range.—Lower Mississippian to Lower Permian; 
species included by other workers have a greater range. 


Minilya sivonella, new species 
Plate 13, figures 2-12, Plate 14, figures 1-5; 
Text-figure 10; Table 17 


Etymology of name.— Named for Paul Sivon, whose 


input into concepts of taxonomy and research while I 
was preparing the manuscript was appreciated. 

Diagnosis.—Zoarium robust, mesh spacing lower- 
end intermediate, pattern moderately irregular; 
branches robust, width upper-end intermediate, thick 
in depth, predominantly sinuous to rarely straight, 
transversely circular to ovate, branch spacing moder- 
ately close; joined at moderately irregular intervals by 
thin, short to intermediate length dissepiments. Fe- 
nestrule size upper-end intermediate; shape elliptical 
to rarely ovate, moderately irregular. Autozooecial ap- 
erture size lower-end intermediate, shape circular, sur- 
rounded by thin, well-developed incomplete peristome 
open at proximal or distal edge of aperture, nine to 14 
small stylets fill opening; two to five (most commonly 
three or four) apertures per fenestrule. Single narrow 
keel along middle of obverse branch. Biserially ar- 
ranged large stylets along obverse surface; stylets form 
as extensions of either proximal or distal-adaxial peri- 
stomal edge. Autozooecial chamber size intermediate, 
monoserially emplaced, rapidly becoming two rows 
toward obverse surface throughout zoarium, except 
third row at sites of branch bifurcation; outline round- 
ed triangle near reverse-wall budding-site and through- 
out most of chamber; becoming irregularly elliptical 
near obverse surface. Chambers elongate proximodis- 
tally, parallel to reverse wall. Aperture at distal-abaxial 
end of chamber, connected to chamber by long ves- 
tibule of moderately constant length. Superior hemi- 
septum well-developed, short to intermediate in length; 
inferior hemiseptum absent. Lateral-wall budding-an- 
gle highly variable (mean of approximately 22°); re- 
verse-wall budding-angle highly constant (mean of ap- 
proximately 89°). 

Table 17 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium robust, expansion 
flat or slightly curved in obverse direction, less fre- 
quently curved in reverse direction or undulating, fan- 


Text-figure 10.—Minilya sivonella illustrated. 1, diagrammatic 
longitudinal section illustrating changing chamber outline from deep 
section near middle of branch (bottom of figure) to shallow section 
near abaxial edge of branch (top of figure) [Superior hemiseptum 
(arrow) is shown in this illustration.], x 70; 2, diagrammatic tan- 
gential section showing changing chamber outline from deep section 
near reverse-wall budding-site (bottom of figure) to shallow section 
near obverse surface (top of figure) [Observe large apertural stylet at 
proximoadaxial edge of aperture (arrow).], 10; 3, diagrammatic 
transverse section across branch, x 70; 4, diagrammatic transverse 
section across branch illustrating typical orientation of apertures 
(arrow) relative to plane of obverse surface, x 70; 5, reconstruction 
of chamber shape (three-dimensional) as viewed from distal end of 
branch, chamber reconstructed from right side of branch, x 140; 6, 
reconstruction of chamber shape (three-dimensional) as viewed from 
abaxial edge of branch [Observe inflection in chamber outline caused 
by superior hemiseptum (arrow).], x 140; 7, reconstruction of cham- 
ber shape (three-dimensional) as viewed from obverse surface, x 140. 
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shaped; mesh lower-end intermediate; pronounced as- 
togenetic thickening of both obverse and reverse zoar- 
ial lamellar skeleton; zoarial pattern moderately irreg- 
ular. Probable mature widths 20 to 35 mm; lengths 30 
to 45 mm. 

Branches robust; width upper-end intermediate, 


variable; most commonly sinuous, extending toward 
sites of dissepiment insertion, rarely straight, lateral 
branches exhibiting large-scale curvature toward edge 
of zoarium. Branch spacing moderately close, distance 
between adjacent branch centers regular. Obverse sur- 
face smooth to slightly granular in texture; surface 
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rounded except for single, narrow, well-developed keel; 
keel continuous, straight or anastomosing, extending 
along branch midline and causing very slight inflection 
on obverse surface. With astogeny, keel becomes cov- 
ered by lamellar skeleton and obverse surface texture 
becomes increasingly granular. A single large stylet de- 
velops on either proximal or distal adaxial edge of each 
autozooecial aperture, forms as extension of the peri- 
stome, resulting in biserial emplacement pattern. Sty- 
lets well-developed, size intermediate; shape circular 
to ovate, elongate proximodistally, less frequently stel- 
late; size moderately regular, shape variable; two to 
five stylets per fenestrule length, three or four most 
common, spacing very even. With astogeny, stylets 
migrate toward middle of branch and away from ap- 
ertural edge, forming alternating row of large stylets 
along obverse branch surface; these stylets are not po- 
sitioned atop keel and thus cannot be considered nodes 
by definition; stylet diameter increasing with astogeny 
as well. Lower-end intermediate, variable-size stylets 
irregularly positioned across obverse surface. Reverse 
surface texture smooth to slightly granular, becoming 
more coarsely granular with astogeny; bearing numer- 
ous rows of closely spaced longitudinal striae atop which 
are positioned rows of extremely small, irregular size 
and shape microstylets; both striae and stylets covered 
by lamellar skeleton during astogenetic thickening. 
Large circular macrostylets, variable in size and shape, 
positioned in middle of reverse branch; most com- 
monly occurring at or near branch-dissepiment con- 
tact; moderately irregularly spaced, increasing in size 
during astogeny. Autozooecia arranged in two rows, 
except third row at sites of branch bifurcation where 
middle autozooecium evidently shared by both 
branches; slight thickening of branches proximal, thin- 
ning distal to sites of branch bifurcation. Heterozooe- 
cia absent in zoarial fragments examined. 

Dissepiments of thin width, less than half width of 
branch, width variable; dissepiments short to inter- 
mediate in length, connect branches at moderately ir- 
regular intervals. Dissepiments exhibit pronounced 
medial thinning, moderately flared at branch-dissep- 
iment contact; highly recessed from obverse, moder- 
ately so from reverse surface. Moderate astogenetic 
thickening of dissepiment. Ornamentation lacking on 
both obverse and reverse dissepiment surfaces; both 
obverse and reverse surfaces moderately granular in 
texture. Dissepiments emplaced perpendicular to or at 
a slight angle from perpendicular to branch length. 
Apertures commonly open on proximal or distal edge, 
or in middle of dissepiment edge at branch—dissepi- 
ment contact; arranged symmetrically or asymmetri- 
cally between branches. 

Fenestrule size upper-end intermediate; shape pre- 
dominantly elliptical to more rarely ovate, elongate 


proximodistally; moderately irregular in shape; ex- 
panding slightly in width and length in obverse—reverse 
direction. Mean width of fenestrule slightly less than 
branch on obverse surface, approximately equal on 
reverse; fenestrule opening decreasing in size toward 
proximal end of zoarium due to astogenetic thickening 
of lamellar skeleton. Width to length ratio of fenestrule 
ranging from 1:2 to slightly greater than 1:4, variable, 
with ratio of 1:3 most common; width slightly more 
constant than length. Two to five apertures per fenes- 
trule length, three to four most common; distance be- 
tween closest aperture centers along branch and across 
branch approximately equal, slightly less than that of 
closest aperture centers between branches. 

Autozooecial aperture size lower-end intermediate, 
shape circular, moderately variable in size, constant in 
shape; opening oriented parallel to plane of obverse 
surface, more rarely attaining a slight angle toward 
fenestrule; thin, well-developed peristome present; 
peristome incomplete, formed at either proximal or 
distal edge of aperture; peristomal gap filled by nine 
to 14 small, evenly positioned stylets which form a 
semicircle. Aperture margins extend into fenestrule, 
causing moderate to pronounced inflections in fenes- 
trule outline on obverse surface. Terminal diaphragms 
commonly present, most frequently occurring toward 
proximal end of zoarium. 

Zoarial supports present, well-developed, occurring 
as extensions of reverse zoarial surfaces and lateral 
edge of zoarium. 

Interior description.—Branches circular to slightly 
ovate in transverse section, elongate in obverse-re- 
verse direction. Branches thick, moderately variable 
in depth. 

Autozooecial living chamber size intermediate, 
monoserial emplacement at or near reverse-wall bud- 
ding-site, becoming biserially arranged toward obverse 
surface along planar branch axial wall; axial wall form- 
ing zigzag pattern, extending diagonally across entire 
branch and forming chamber lateral walls. Chamber 
longest dimension paralleling reverse wall in proxi- 
modistal direction. Autozooecial chamber outline tri- 
angular with rounded corners near reverse-wall bud- 
ding-site and throughout most of chamber; becoming 
irregularly elliptical near obverse surface, ellipse elon- 
gate in proximal-abaxial direction and slightly enlarged 
at distal end of chamber. Aperture positioned at distal- 
abaxial end of chamber, connected to chamber by rel- 
atively long vestibule of moderately constant length. 
Ratio of chamber width to depth approximately 8:9; 
depth to length ratio approximately 2:5; length much 
more constant than width and depth. Well-developed 
superior hemiseptum, short to intermediate in length, 
extending distally from proximal inner edge of vesti- 
bule and forming partial restriction between vestibule 
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and autozooecial chamber; inferior hemiseptum ab- 
sent. Autozooecial chamber diverges laterally from 
middle of branch at a highly variable angle (mean of 
approximately 22°); from reverse wall at a highly con- 
stant angle (mean of approximately 89°). 

Three-dimensionally reconstructed chamber form 
cuneate with acute angles oriented proximally and dis- 
tally, and obtuse angle toward branch midline; mod- 
erate indentation in chamber form caused by superior 
hemiseptum; longest dimension as viewed from ob- 
verse surface; smaller, approximately equidimensional 
in depth and width as viewed from distal and lateral 
edges of branch respectively. 

Inner granular skeletal material thick, continuous 
with obverse large stylets, small stylets, peristome, ap- 
ertural stylets, and keel; reverse longitudinal striae and 
both large and small stylets; across dissepiments and 
in the middle of zoarial supports. Outer lamellar layer 
thick, with pronounced astogenetic thickening on both 
obverse and reverse zoarial surfaces; thickest toward 
proximal end of zoarium. 

Remarks.—M. sivonella is differentiated from M. 
paratriserialis, n. sp., the only other species of Minilya 
Crockford, 1944 in the Warsaw, by a substantially larg- 
er autozooecial chamber, better developed superior 
hemiseptum, much coarser meshwork, and substan- 
tially thicker branches. Similarities in autozooecial 
chamber shape and inflection in chambers caused by 
superior hemiseptum suggest close phylogenetic affin- 
ity between the two species, as does the large stylet 
developed at the peristomal edge. 

M. sivonella appears similar to an unnamed species 
contained in a faunal suite collected by Ulrich from 
Kings Mountain, Kentucky and stored in collections 
at the U. S. National Museum of Natural History. The 
restriction of occurrence of this species to the southern 
half of the study area (an area not extensively dealt 
with by Ulrich, who concentrated on the northern por- 
tion of the area included in this study), could account 
for Ulrich’s not describing this species in his extensive 
works. Another reason could be that he did not deal 
in great detail with much of the material collected from 
Kings Mountain. 

Material studied.— Forty-four exterior fragments; 12 
sectioned specimens; largest zoarial fragment 21 x 30 
mm (width to length). There is little skeletal alteration 
or crushing in the zoaria collected. 

Occurrence.—Minilya sivonella is common at the 
Valmeyer and St. Louis localities, although it occurs 
primarily in the Lower Warsaw. It is also infrequently 
found in the Upper Warsaw. It is present in both cal- 
carenites and shales. 

Holotype.—UI X-6905 (loc. 49B, sample 12). 

Paratypes.—UI X-6904, 6906, 6876-6879, 6951- 
6955 (loc. 49B, samples 8, 10, 15, 16). 


Minilya paratriserialis, new species 
Plate 14, figures 6-10, Plate 15, figures 1-9; Table 18 


Etymology of name.—Named for its similarity in 
appearance to F. triserialis Ulrich, 1890. 


Diagnosis.—Zoarium robustness intermediate, mesh 
spacing intermediate, pattern extremely regular; 
branches moderately robust, narrow in width, thick in 
depth; branches straight to slightly curved, transversely 
irregularly ovate or circular, closely spaced; connected 
at highly regular intervals by intermediate width and 
length dissepiments. Fenestrule size lower-end inter- 
mediate; shape approaching rectangular to less com- 
monly elliptical, highly regular. Autozooecial aperture 
size small, shape circular, surrounded by well-devel- 
oped incomplete peristome from or near to which two 
intermediate-size apertural stylets, one abaxial and the 
other adaxial, originate and form an alternating biserial 
arrangement across the keel; two to four (most com- 
monly three) apertures per fenestrule. Single upper-end 
narrow width keel along middle of obverse branch, 
atop which are positioned intermediate-size ovate 
nodes. Autozooecial chamber size lower-end inter- 
mediate, monoserially emplaced, rapidly becoming two 
rows toward obverse surface and throughout zoarium, 
except third row at sites of branch bifurcation; outline 
rounded triangle near reverse-wall budding-site; usu- 
ally remaining triangular throughout mid chamber, 
more rarely becoming irregularly pentagonal; becom- 
ing irregularly elliptical near obverse surface. Cham- 
bers elongate proximodistally, parallel to reverse wall. 
Aperture at distal-abaxial end of chamber, connected 
to chamber by short vestibule of moderately variable 
length. Superior hemiseptum poorly developed, short; 
inferior hemiseptum absent. Lateral-wall budding-an- 
gle variable (mean of approximately 25°); reverse-wall 
budding-angle highly constant (mean of approximately 
74°). 

Table 18 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium robustness inter- 
mediate; expansion flat to slightly obversely curved, 
fan-shaped; mesh spacing intermediate; pronounced 
astogenetic thickening of both obverse and reverse la- 
mellar skeleton; zoarial pattern extremely regular. 
Probable mature widths 15 to 20 mm; lengths 20 to 
30 mm. 

Branches moderately robust; narrow in width, mod- 
erately variable; most commonly straight, some lateral 
branches slightly curved toward edge of zoarium. 
Branches closely spaced, distance between adjacent 
branch centers extremely regular. Obverse surface 
texture granular; surface rounded except for single up- 
per-end narrow width well-developed keel; keel con- 
tinuous, predominantly straight to more rarely anas- 
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tomosing, positioned along branch midline and causing 
positive inflection along obverse surface. With asto- 
geny, keel exhibits pronounced astogenetic thickening, 
primarily toward proximal end of zoarium. Single row 
of well-developed intermediate-size nodes, shape ovate, 
elongate proximodistally; size and shape of node mod- 
erately variable; projecting from middle of keel; one 
to three nodes per fenestrule length, two most com- 
mon; node spacing even, intermediate; node diameter 
greatly increasing with astogeny. Extremely small, reg- 
ular-size, variably positioned stylets emplaced across 
obverse branch surface. Two intermediate-size aper- 
tural stylets form as extensions of the apertural peri- 
stome; one at the mid-distal adaxial edge, positioned 
abaxial to keel and forming an alternating biserial ar- 
rangment across the keel; the other at the mid-distal 
abaxial edge, extending into the fenestrule opening; 
during astogeny these stylets migrate away from sites 
of origin along peristomal edge, the first toward the 
branch edge and the second into the fenestrule opening. 
Reverse surface texture granular, coarsening with as- 
togeny; bearing numerous rows of closely spaced lon- 
gitudinal striae atop which are positioned small mi- 
crostylets variable in both size and shape; both striae 
and microstylets frequently become covered during as- 
togenetic thickening of lamellar skeleton. Autozooecia 
arranged in two rows, except third row at sites of branch 
bifurcation where middle autozooecium evidently 
shared by both branches; branches exhibit slight thick- 
ening proximal, slight thinning distal to sites of branch 
bifurcation. Heterozooecia absent in zoarial fragments 
examined. 

Dissepiments of intermediate width, two-thirds 
width of branch, width relatively constant; length in- 
termediate, relatively constant; connect branches at 
highly regular intervals. Dissepiments exhibit slight 
medial thinning, moderately barlike in appearance; 
highly recessed from obverse, less so from reverse sur- 
face. Pronounced astogenetic thickening of dissepi- 
ments. Obverse dissepiment surface with one to three 
longitudinal striae across dissepiment perpendicular to 
branch length; both obverse and reverse dissepiment 
surfaces containing rows of small stylets and granular 
in texture. Emplacement of dissepiments either per- 
pendicular or at an angle of 10° to 15° from perpen- 
dicular to branch length. Apertures commonly open 
on proximal or distal edge or in middle of dissepiment 
at branch-dissepiment contact; arranged symmetri- 
cally or asymmetrically between branches. 

Fenestrule size lower-end intermediate; shape ap- 
proaching rectangular to less commonly elliptical, 
elongate proximodistally; highly regular in size and 
shape; expanding slightly in width and length in ob- 
verse-reverse direction. Mean width of fenestrule 
slightly less than branch width on obverse surface, ap- 


Table 18.—Summary numerical analysis of Minilya paratriseri- 
alis, n. sp. For explanation of abbreviations of characters (left col- 
umn), see Table 8b (foldout inside back cover). 


number 


of 


mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.2567 0.0427 16.63 0.184-0.356 
2. DBC 24 0.4766 0.0560 11.75 0.359-0.581 
3. WD 24 0.1654 0.0305 18.44 0.114-0.248 
4. LF 24 0.4783 0.0715 14.95 0.311-0.587 
5. WF 24 0.2708 0.0512 18.91 0.156-0.362 
6. AF 24 3.00 0.42 13.90 244 
7. AL 24 0.0712 0.0035 4.92 0.064-0.079 
9. ADB 24 0.2272 0.0136 5.99  0.207-0.257 
10. AAB 24 0.3115 0.0439 14.09 0.236-0.401 
11. ABB 24 0.3212 0.0450 15.15 0.231-0.422 
12. DN 24 0.1088 0.0284 26.10 0.064-0.159 
14. SNB 24 0.3527 0.0472 13.38  0.269-0.467 
15. WK 24 0.0480 0.0102 21.25 0.032-0.065 
16. DSO 24 0.0033 0.0053 16.31 0.002-0.005 
17. SSO 24 0.2105 0.0139 6.60  0.188-0.234 
18. WP 24 0.0165 0.0033 20.00  0.014-0.022 
19. SA 24 2.00 0.00 0.00 2; 
20. SAD 24 0.0262 0.0064 24.43 0.019-0.044 
22. RSS 24 0.0172 0.0041 23.84  0.010-0.024 
24. SSS 24 0.1077. 0.0272 25.26 0.073-0.156 
32. TRW 24 0.0114 0.0035 30.70 0.006-0.018 
33. TLW 24 0.0175 0.0040 22.86 0.010-0.026 
34. FWT 24 0.0405 0.0165 40.74 0.016-0.071 
35. RWT 24 0.0942 0.0422 44.80 0.028-0.186 
36. CL 24 0.2104 0.0107 5.09 0.194-0.229 
37. CD 24 0.1516 0.0076 5.01 0.139-0.167 
38. MAW 24 0.1269 0.1084 6.62  0.115-0.148 
39. MIW 24 0.0618 0.0084 13.59  0.049-0.078 
40. VD 24 0.0766 0.0107 13.97  0.065-0.103 
41. RA 24 73.67 5.44 7.39 62-82 
42. LA 24 24.67 3.45 13.97 20-32 
43. TB 24 0.3951 0.0451 11.41 0.292-0.483 


proximately equal on reverse; fenestrule opening de- 
creasing in size toward proximal end of zoarium due 
to astogenetic thickening of lamellar skeleton. Width 
to length ratio of fenestrule approximately 1:2, length 
more constant than width. Two to four apertures per 
fenestrule length, three most common; distance be- 
tween closest aperture centers along branch approxi- 
mately three-fourths of spacing either across branch or 
across fenestrule, which are approximately equal; spac- 
ing along branch much more constant than spacing 
across branch or across fenestrule. 

Autozooecial apertures small, shape circular, uni- 
form; opening oriented parallel to plane of obverse 
surface or at slight angle toward fenestrule; thin, well- 
developed peristome present, incomplete with peristo- 
mal gap at proximal edge, peristome site from which 
two previously described intermediate size stylets orig- 
inate. Aperture margin extends into fenestrule, causing 
pronounced inflections in fenestrule outline on obverse 
surface. Centrally thickened terminal diaphragms pres- 
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ent, moderately uncommon; occurring predominantly 
at proximal end of zoarium. 

Zoarial supports extremely well-developed, form as 
extensions of reverse zoarial surfaces and lateral edge 
of zoarium. 

Interior description.—Branches irregularly ovate, 
elongate in obverse-reverse direction, to approxi- 
mately circular in transverse section, slightly expanded 
on obverse side. Branches thick, regular in depth. 

Autozooecial living chamber size lower-end inter- 
mediate, chambers monoserially emplaced at or near 
reverse-wall budding-site, becoming biserially ar- 
ranged toward obverse surface along planar branch 
axial wall; axial wall forming zigzag pattern, extending 
diagonally across entire branch and forming chamber 
lateral walls. Chamber maximum dimension extending 
proximodistally, parallel to chamber reverse wall. Au- 
tozooecial chamber outline triangular with rounded 
corners near reverse-wall budding-site; remaining pri- 
marily triangular, less frequently irregularly pentago- 
nal, throughout mid chamber; becoming irregularly 
elliptical near obverse surface, ellipse elongate in prox- 
imal-abaxial direction and slightly enlarged at distal 
end of chamber. Aperture positioned at distal-abaxial 
end of chamber, connected to chamber by short ves- 
tibule of moderately variable length. Ratio of chamber 
minimum to maximum width approximately 1:2; 
maximum width to depth ratio 5:6; depth to length 
ratio approximately 7:10; chamber length, depth, and 
maximum width much more constant than minimum 
width. Superior hemiseptum poorly developed, posi- 
tioned at inner proximal vestibular edge; inferior hemi- 
septum absent. Autozooecial chamber diverges later- 
ally from middle of branch at a variable angle (mean 
of 25°); from reverse wall at a highly constant angle 
(mean of 74°). 

Three-dimensionally reconstructed chamber form 
cuneate with acute angles oriented proximally and dis- 
tally and obtuse angle toward branch midline; slight 
indentation in chamber form caused by superior hemi- 
septum; longest dimension as viewed from obverse 
surface, depth smaller than length as viewed from dis- 
tal end of branch; width smallest, viewed from lateral 
edge of branch. 

Inner granular skeletal layer thick, continuous with 
obverse nodes, small stylets, peristome, apertural sty- 
lets, and keel; reverse longitudinal striae and stylets; 
across dissepiments and in the middle of zoarial sup- 
ports. Outer lamellar layer extremely thick on reverse, 
thinner on obverse side of branch, with pronounced 
astogenetic thickening evident on both surfaces; thick- 
est toward proximal end of zoarium. 

Remarks.—M. paratriserialis is readily distin- 
guished from M. sivonella, n. sp. by its finer mesh, 
smaller autozooecial chamber, nodal development atop 


keel, reduced hemiseptal development, and smaller ap- 
erture opening. Close phylogenetic relationships ap- 
pear to exist between them based on similar cuneate 
three-dimensional chamber shape, presence of supe- 
rior hemisepta, and relatively large apertural stylet de- 
velopment at the peristomal edge. 

M. paratriserialis is similar in appearance to Fen- 
estella triserialis Ulrich, 1890 which occurs in the Low- 
er Keokuk Limestone near Keokuk, Iowa. Biserially 
arranged stylets are positioned across a central keel in 
both species; however M. paratriserialis is distin- 
guished from F. triserialis by a finer mesh, smaller 
autozooecial chambers, thinner branches, less distinct 
rows of stylets, and more pronounced nodes. 

Material studied.— Thirty-eight exterior fragments; 
six sectioned specimens; largest zoarial fragment 14 x 22 
mm (width to length). Intermediate robustness of the 
zoarium normally results in excellent preservation of 
this species. 

Occurrence.—Minilya paratriserialis is common 
throughout the Warsaw study area. It occurs in both 
calcarenites and shales, but is more common in the 
latter. 

Holotype.—UI X-6871 (loc. 10, sample 35). 

Paratypes.— UI X-7023 (loc. 49B, sample 12), 7024, 
6948, 6947, 6950 (loc. 10, samples 28, 35, 42). 


Genus EXFENESTELLA Morozova, 1974 
Text-figure 11 


Type species.—Fenestella erkovae (Shulga-Nester- 
enko, 1951); [Lower Carboniferous, Namurian Stage; 
Russian Platform]: Morozova, 1974, p. 174, pl. 3-3. 

Typical Warsaw species.—Exfenestella exigua (UI- 
rich, 1890) [Warsaw Beds, Monroe County, Illinois]. 

Diagnosis.—Zoarium robust, mesh spacing inter- 
mediate; chamber outline an assymetrical rectangle to 
parallelogram in mid tangential section, chamber size 
intermediate, aperture size small; well-developed su- 
perior hemiseptum present on proximal vestibular edge, 
well-developed inferior hemiseptum present on prox- 
imal side of distal lateral chamber wall approximately 
halfway up wall, extending across entire width of 
chamber and half chamber depth; chamber reverse- 
wall budding-angle approximately 71° (mean). 

Three-dimensionally reconstructed chamber form a 
rectangular box exhibiting inflections in mid chamber 
due to hemiseptal emplacement. 

Description.—Zoarium robust, expansion obversely 
curved, mesh spacing intermediate, extremely regular. 

Branch width narrow to intermediate, straight to 
sinuous in trace with lateral branches broadly curved 
toward edge of zoarium; branch surface rounded. Keel 
present, single, width intermediate, increasing with as- 
togeny and in many covered by lamellar skeleton. Nodes 
present, emplacement monoserial, size intermediate, 
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shape circular to ovate, located atop keel, closely spaced. 
Obverse stylets present, small, occurring across ob- 
verse branch surface. Microstylets present, extremely 
small in size. Macrostylets present, large, typically lo- 
cated at site of branch—dissepiment junction. Auto- 
zooecia in two rows, third row at sites of branch bi- 
furcation. Heterozooecia not observed. 

Dissepiments of intermediate width, length inter- 
mediate, connect branches at highly regular intervals. 

Fenestrule size intermediate, shape regularly to ir- 
regularly elliptical, less frequently rectangular to ovate. 

Aperture size small, shape circular to rarely ovate, 
oriented parallel to plane of obverse surface or at slight 
angle toward fenestrule. Peristome present, complete; 
apertural stylets present, developed as extensions of 
peristomal edge; terminal diaphragms present, occur- 
ring toward proximal edge and in middle of zoarium. 

Branches circular to ovate in cross-section; medium 
in thickness. 

Autozooecial chamber size intermediate, chambers 
biserially emplaced along sinuous axial wall; maxi- 
mum chamber length parallel to proximal and distal 
lateral chamber walls. Chamber outline an asymmet- 
rical diamond near reverse wall, becoming an asym- 
metrical parallelogram to rectangle in mid chamber 
and throughout most of chamber depth, bilobate-el- 
liptical near obverse surface. Vestibule present, length 
intermediate. Superior hemiseptum present, posi- 
tioned at proximal vestibular edge, inferior hemisep- 
tum present, well-developed at proximal side of distal 
lateral chamber wall. Lateral-wall budding-angle ap- 
proximately 25° (mean); reverse-wall budding-angle 
approximately 71°(mean). Lamellar skeletal layer thick, 
exhibiting moderate astogenetic thickening; granular 
skeletal layer thin, exhibiting no astogenetic thicken- 
ing. 

Three-dimensionally reconstructed chamber form a 
rectangular box exhibiting inflections in middle of box 
length due to hemiseptal emplacement. 

Text-figure 11 illustrates zoarial outlines in longi- 
tudinal, tangential, and transverse orientations and 
three-dimensional chamber reconstructions from dis- 
tal, abaxial branch edge and obverse surface views. 

Remarks.—Morozova (1974, p. 174) based the ge- 
nus Exfenestella on ‘“shemisepta located on branches 
in two rows”, a fabiform (irregular parallelogram- 
shaped) chamber shape, carina size, and rows of nodes. 
Hemiseptal positions are unclear from Morozova’s il- 
lustrations; however, general chamber shape allows as- 
signment of Fenestella exigua Ulrich, 1890 to her ge- 
nus, assuming proximal inflections in chamber lateral 
walls represent locations of inferior septal emplace- 
ment, thus forming the two rows used in Morozova’s 
diagnosis. Because of the variable form of the auto- 
zooecial chamber within and between specimens of E. 


exigua and because these shapes most consistently ap- 
proach that of a parallelogram to rectangle throughout 
the majority of the chamber depth, I have found use 
of the term “‘fabiform”’ to be unnecessary. The general 
age of species assigned this genus, Lower Carboniferous 
for the type species and Devonian to Permian for the 
genus overall, readily overlaps the age of the Warsaw. 

Exfenestella is similar in some characters to Ban- 
astella, n. gen.; however, the former is distinguished 
by the presence of hemisepta, different chamber out- 
line, presence of a pronounced keel, and stellate nodal 
shape. Similarities of the two genera include apertural 
stylets, relatively low angle at which chamber emerges 
from the reverse wall, and longest chamber direction 
paralleling lateral chamber walls. 

Species composition.—Approximately 30 species 
were recognized by Morozova. EF. exigua is the only 
Warsaw species assigned to this genus. 

Range.— Devonian to Permian. 


Exfenestella exigua (Ulrich, 1890) 
Plate 16, figures 1-8, Plate 17, figures 1-7, 
Plate 18, figure 1; Text-figure 11; Table 19 


Fenestella exigua Ulrich, 1890, p. 545, pl. 51, figs. 1, la [Warsaw 
Beds: Monroe County, Illinois]; Cumings, 1906, p. 1278, pl. 38, 
figs. 3-3a; Trizna, 1958, p. 121, pl. 33, figs. 4-5. 

Fenestella exigua var. springerensis Elias and Condra, 1957, pp. 406- 
407, pl. 42, figs. 13-15. 


Diagnosis.—Zoarium robust, mesh spacing inter- 
mediate, pattern extremely regular; branches moder- 
ately robust, width narrow to intermediate, medium 
in thickness; straight, sinuous to broadly curved in 
trace, transversely circular to ovate, spacing interme- 
diate; branches joined at highly regular intervals by 
intermediate width and length dissepiments. Fenes- 


Text-figure 11.—Exfenestella exigua illustrated. 1, diagrammatic 
longitudinal view showing changing chamber outline from deep sec- 
tion near middle of branch (bottom of figure) to shallow section near 
adaxial edge of branch (top of figure) [Observe presence of well- 
developed inferior hemiseptum on proximal side of distal lateral 
wall (arrow).], * 70; 2, diagrammatic tangential section showing 
changing outline of chamber from deep section near reverse wall 
(bottom of figure) to shallow section near obverse surface (top of 
figure) [Extension of inferior hemisepta across chambers (arrow) and 
short superior hemisepta at proximal vestigular edges typical of this 
genus are illustrated.], x 70; 3, diagrammatic transverse section across 
branch illustrating aperture orientation to obverse surface, = 70; 4, 
diagrammatic transverse section showing inferior hemiseptum de- 
velopment (arrow), x 70; 5, reconstruction of typical chamber shape 
(three-dimensional) as viewed from distal end of branch; chamber 
reconstructed from right side of branch [Observe inflection of inferior 
hemiseptum into adaxial edge of chamber (arrow).], * 140; 6, re- 
construction of typical chamber shape (three-dimensional) as viewed 
from abaxial edge of branch; inflection of inferior hemiseptum into 
distal part of chamber is shown (arrow), < 140; 7, reconstruction of 
typical chamber shape (three-dimensional) as viewed from obverse 
zoarial surface [Extension of inferior hemiseptum across chamber 
(arrow) and superior hemiseptum causing inflections in chamber 
shape are illustrated.], x 140. 
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trule size intermediate; shape regularly to irregularly 
elliptical, less frequently rectangular to ovate, highly 
regular. Autozooecial apertures small, shape circular 
to rarely ovate, surrounded by well-developed com- 
plete peristome; seven to 11 (mean of nine) small sty- 


lets form as extension of peristome, fuse during asto- 
geny; two to four (most commonly three) apertures per 
fenestrule. Single, intermediate-width keel along mid- 
dle of obverse branch surface; single row of interme- 
diate-size, circular to ovate nodes along middle of ob- 
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verse branch surface. Autozooecial chamber size 
intermediate, emplaced in two rows, except third row 
at sites of branch bifurcation; outline asymmetrical 
parallelogram-shaped to rectangular throughout mid 
chamber, irregularly bilobate-elliptical near obverse 
surface. Chambers elongate parallel to proximal and 
distal chamber lateral walls. Aperture at distal-abaxial 
end of chamber, connected to chamber by interme- 
diate-length vestibule of variable length. Short superior 
hemiseptum present, inferior hemiseptum situated on 
proximal side of distal lateral chamber wall, one-third 
the distance in obverse direction from reverse wall. 
Lateral-wall budding-angle moderately variable (mean 
of 25°); reverse-wall budding-angle moderately vari- 
able (mean of 71°). 

Table 19 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium robust; expansion 
obversely curved, fan-shaped; mesh spacing interme- 
diate; moderate astogenetic thickening of both obverse 
and reverse lamellar skeleton; external zoarial pattern 
extremely regular. Probable mature widths of 20 to 30 
mm; lengths 30 to 40 mm. 

Branches moderately robust; width thin to inter- 
mediate, variable; trace straight or sinuous, extending 
toward sites of dissepiment emplacement; lateral 
branches frequently broadly curved toward edge of 
zoarium. Branch spacing intermediate, distance be- 
tween adjacent branch centers extremely regular. Ob- 
verse surface texture slightly granular; surface rounded, 
except for single intermediate-width, well-developed 
keel, continuous, straight, extending along branch mid- 
line and causing positive inflection in obverse surface. 
Keel frequently covered by lamellar skeleton with as- 
togeny. Single row of nodes, well-developed and of 
intermediate-size, shape circular to ovate, elongate 
proximodistally; size and shape of nodes moderately 
regular; nodes project from middle of branch, two to 
four (most commonly three) nodes per fenestrule length, 
moderately evenly spaced; nodes and surrounding la- 
mellar skeleton on obverse surface thickening with as- 
togeny. Small stylets, moderately closely, unevenly 
spaced and moderately variably sized, across obverse 
branch surface, increasing in number and diameter with 
astogeny. Reverse surface texture slightly granular, 
coarsening with astogeny; bearing numerous rows of 
closely spaced longitudinal striae atop which are po- 
sitioned rows of small, closely spaced microstylets; size 
of microstylets variable; with astogeny longitudinal 
striae covered by lamellar skeleton, microstylets per- 
sist. Macrostylets present, large, circular to slightly 
ovate, elongate proximodistally; macrostylets moder- 
ately regular in size and shape, positioned in middle 
of branch along reverse surface primarily at or near 
site of branch-dissepiment junction, spacing highly 
variable; diameter increasing slightly with astogeny. 


Table 19.—Summary numerical analysis of Exfenestella exigua 
(Ulrich, 1890). For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.2958 0.0543 18.36 0.214-0.399 
2. DBC 24 0.5603 0.0683 12.19 0.406-0.676 
3. WD 24 0.1663 0.0346 20.81 0.123-0.254 
4. LF 24 0.5600 0.0506 9.04 0.464—0.660 
5. WF 24 0.2801 0.0302 10.78 0.220-0.327 
6. AF 24 3.00 0.42 13.90 2-4 
1 AL 24 0.0887 0.0028 3.16 0.083-0.093 
9. ADB 24 0.2389 0.0090 3.77 0.220-0.254 
10. AAB 24 0.3012 0.0315 10.46 0.252-0.359 
11. ABB 24 0.2955 0.0596 20.17 0.181-0.388 
12. DN 24 0.1191 0.0204 17.13. 0.089-0.152 
14. SNB 24 0.3430 0.0590 17.20 0.174-0.429 
15. WK 24 0.0985 0.0212 21.52 0.061-0.132 
16. DSO 24 0.0083 0.0020 24.10 0.006-0.120 
17. SSO 24 0.0462 0.0122 26.41 0.024-0.071 
18. WP 24 0.0101 0.0021 20.79  0.007-0.014 
19. SA 24 9.00 1.22 13°51 7-11 
20. SAD 24 0.0119 0.0037 31.09 0.007-0.022 
21. RSL 24 0.0919 0.0216 23.50 0.059-0.149 
22. RSS 24 0.0111 0.0029 26.13 0.005-0.016 
23. SSL 24 0.5667 0.2504 44.19 0.320-0.867 
24. SSS 24 0.0241 0.0088 36.37 0.013-0.036 
32. TRW 24 0.0079 0.0015 18.99  0.005-0.011 
33. TLW 24 0.0071 0.0015 21.13 0.005-0.010 
34. FWT 24 0.0588 0.0212 36.05 0.027-0.088 
35. RWT 24 0.0854 0.0370 43.33 0.024-0.170 
36. CL 24 0.2869 0.0106 3.69  0.267-0.310 
37. CD 24 0.1401 0.0147 10.49 O.115-0.164 
38. MAW 24 0.1384 0.0111 8.02. 0.123-0.168 
40. VD 24 0.0652 0.0137 21.01 0.039-0.080 
41. RA 24 43.17 5.26 12.19 33-55 
42. LA 24 25.04 3.48 13.91 19-33 
43. TB 24 0.3701 0.0802 21.67 0.249-0.527 


Autozooecia in two rows across branch, except third 
row at sites of branch bifurcation where middle au- 
tozooecium evidently shared by both branches; pro- 
nounced thickening of branch proximal, slight thinning 
distal to sites of branch bifurcation. Heterozooecia ab- 
sent in all zoarial fragments examined. 

Dissepiment width intermediate, slightly greater than 
one-half that of branch, width variable; length inter- 
mediate, quite constant; dissepiments connect branch- 
es at highly regular intervals. Dissepiments exhibit 
moderate medial thinning, slight flaring at dissepi- 
ment-—branch contact; highly recessed from obverse 
surface, less so from reverse. Pronounced astogenetic 
thickening of dissepiments, primarily toward proximal 
end of zoarium. Obverse dissepiment surface with one 
to three longitudinal striae across dissepiment perpen- 
dicular to branch length; reverse dissepiment surface 
with similar but more numerous longitudinal striae 
atop which are positioned small stylets; number of 
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striae covered by lamellar skeleton and stylet size 
slightly increasing with dissepiment thickening during 
astogeny; both obverse and reverse dissepiment sur- 
faces slightly granular in texture. Emplacement of dis- 
sepiments approximately perpendicular to branch 
length. Apertures commonly open on proximal or dis- 
tal edge, less frequently in middle of dissepiment edge 
at branch-dissepiment contact; arranged symmetri- 
cally or asymmetrically between branches. 

Fenestrule size intermediate; shape most commonly 
regularly to irregularly elliptical, elongate proximodis- 
tally, less frequently approaching rectangular to ovate; 
highly regular in size and shape; moderately expanding 
in width, less so in length in obverse-reverse direction. 
Mean width of fenestrule slightly less than branch width 
on obverse surface, approximately equal to or slightly 
greater on reverse; fenestrule opening decreasing in size 
toward proximal end of zoarium due to astogenetic 
thickening of the lamellar skeleton. Width to length 
ratio of fenestrule 1:2, highly constant; constancy of 
width and length equal. Two to four apertures per fe- 
nestrule length, three most common; spacing of closest 
aperture centers along branch approximately four-fifths 
of spacing across branch and across fenestrule; spacing 
along and across branch highly to moderately constant, 
spacing across fenestrule highly variable. 

Autozooecial apertures small, shape circular, very 
rarely slightly ovate, elongate proximodistally, highly 
uniform in size and shape; opening orientation ranging 
from parallel to plane of obverse surface to attaining 
a slight angle toward fenestrule; thin, well-developed 
complete peristome present, seven to | 1 (mean of nine) 
small stylets form as extensions of peristome, frequent- 
ly stylets fuse during astogeny. Aperture margin ex- 
tends into fenestrule, causing slight inflections in fe- 
nestrule outline on obverse surface. Terminal 
diaphragms present, most commonly found in proxi- 
mal and central part of zoarium. 

Zoarial supports develop moderately infrequently, 
form as extensions of reverse zoarial surface and lateral 
edge of zoarium. 

Interior description.— Branches circular to ovate in 
transverse view, frequently slightly enlarged on ob- 
verse side of branch, elongate in obverse-reverse di- 
rection. Branch thickness medium, variable. 

Autozooecial living chamber size intermediate, bise- 
rially arranged in alternating rows along planar branch 
axial wall; axial wall sinuous, exhibiting pronounced 
inflections toward and connecting with relatively long 
chamber lateral walls. Chamber longest dimension 
paralleling proximal and distal chamber lateral walls. 
Autozooecial chamber outline attaining an asymmet- 
rical diamond shape near reverse wall; rapidly becom- 
ing an asymmetrical parallelogram to rectangle 
throughout most of mid chamber; outline irregularly 


bilobate-elliptical near obverse surface, longest direc- 
tion of ellipse oriented distal-abaxially; chamber shape 
highly regular. Aperture positioned at distal-abaxial 
end of chamber, connected to chamber by well-devel- 
oped, intermediate-length vestibule of variable length. 
Autozooecial chamber width and depth approximately 
equal; ratio of depth to length approximately 1:2; length 
much more constant than width and depth. Moder- 
ately well-developed short, superior hemiseptum pres- 
ent, formed as extension of proximal-adaxial vestib- 
ular edge, forming partial restriction between vestibule 
and autozooecial chamber; well-developed inferior 
hemiseptum present, situated on proximal side of dis- 
tal lateral chamber wall one-third the distance in ob- 
verse direction from reverse wall; lateral wall exhib- 
iting slight inflection into chamber toward site of 
inferior hemiseptum emplacement, with inferior hemi- 
septum extending up to half the diameter of chamber 
depth. Autozooecial chamber diverges laterally from 
middle of branch at a moderately variable angle (mean 
of 25°); from reverse wall at a moderately variable angle 
(mean of 71°). 

Three-dimensionally reconstructed chamber form a 
rectangular box exhibiting inflections in middle of box 
length due to hemiseptal emplacement; long dimen- 
sion as viewed from lateral edge of branch; width and 
depth approximately equidimensional as viewed from 
obverse surface and distal end of branch, respectively. 

Internal granular skeletal layer relatively thin, con- 
tinuous with obverse nodes, stylets, peristome and ap- 
ertural stylets; reverse longitudinal striae and both large 
and small stylets; across dissepiments and in the mid- 
dle of zoarial supports. Outer lamellar layer thick, with 
moderate to pronounced astogenetic thickening, most 
prevalent toward end of zoarium. 

Remarks.—Exfenestella exigua was first recognized 
as Fenestella Lonsdale, 1839, by Ulrich (1890) from 
the Warsaw Beds near Warsaw, Illinois. The exterior 
appearance of E. exigua closely resembles that of Ar- 
chimedes wortheni (Hall, 1857b), with traditional 
meshwork formula and number of apertural stylets 
similar in both species. However, E. exigua is readily 
distinguished in interior view by the presence of su- 
perior and inferior hemisepta, which are lacking in 4. 
wortheni, and by having an asymmetrical parallelo- 
gram-shaped to rectangular chamber outline in mid 
chamber, as opposed to the irregular pentagonal cham- 
ber outline in 4. wortheni. 

The relative chamber dimensions in EF. exigua, par- 
ticularly with regard to longest chamber dimension, 
closely resemble those of species of Banastella, n. gen., 
although chamber shape and hemiseptal development 
is very different between E. exigua and species of Ban- 
astella. Hemiseptal placement in E. exigua resembles 
that in the laxifenestellids, however chamber shapes 
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and direction of chamber elongation are significantly 
different. 

Placement within the genus Exfenestella by Moro- 
zova (1974) appears appropriate, although access to 
her type materials would definitely be desirable. From 
Morozova’s illustrations, the outline of chambers in 
tangential views and hemiseptal emplacement for Ex- 
fenestella are the critical criteria used for placement of 
this species herein. 

Material studied.— Twenty-eight exterior fragments, 
19 sectioned specimens; largest zoarial fragment 18 = 26 
mm (width to length). The thin internal granular skel- 
etal layer, particularly in the lateral walls, results in 
poor preservation with many fragments being crushed 
and of little use for internal analysis. 

Occurrence.—Exfenestella exigua is relatively rare 
in the Warsaw study area. It is most common in the 
Valmeyer, St. Louis, and associated localities, and is 
restricted to Warsaw Beds in the north. 

Figures and/or measured specimens.—UI X-6873 
(loc. 11, sample 57), 6749, 6898, 6761-6764, 6716, 
6810, 6816-6818, 6735, 6736 (loc. 49B, samples 12, 
13, 15), 6769, 6768, 6759, 6868, 6942, 7021 (loc. 47A, 
samples 32, 37). 


Genus BANASTELLA, new genus 


Etymology of name.—Named for Champaign—Ur- 
bana, where the work leading to recognition of this 
genus took place. 

Type species.—Banastella guensburgi, n. sp. 

Diagnosis.—Zoarium ranging from delicate to ex- 
tremely robust, mesh ranging from close to open; 
chamber outline irregularly rectangular, parallelo- 
gram-shaped to irregularly pentagonal in mid tangen- 
tial section, chamber size typically large to less com- 
monly intermediate; aperture size large, apertural stylets 
present in most species; three rows of autozooecia pres- 
ent for prolonged distances proximal to branch bifur- 
cation; chamber reverse-wall budding-angle low, means 
vary between 22° and 55°. Three-dimensionally recon- 
structed chamber form a rectangular to parallelogram- 
shaped box. 

Description.—Zoarium robustness ranging from del- 
icate to extremely robust, expansion flat, obversely to 
reversely curved, slightly sinuous or cupped; mesh 
spacing variable, ranging from close to open, regular 
to irregular. 

Branch width intermediate to more commonly wide, 
straight to sinuous in trace with lateral branches broad- 
ly curved toward edge of zoarium; branch surface 
rounded to angular. Keel present, typically single to 
rarely multiple, width varying from narrow to wide, 
straight to anastomosing, moderately to greatly in- 
creasing with astogeny and frequently covered by la- 
mellar skeleton. Nodes present, emplacement mono- 


serial, size large to intermediate, shape typically stellate 
to more rarely elliptical, located atop middle of keel, 
spacing ranging from intermediate to wide. Obverse 
stylets present or absent, size small to intermediate, 
occurring across obverse surface, however, most com- 
monat keel edge and between nodes. Microstylets pres- 
ent, size small to intermediate. Macrostylets absent. 
Autozooecia in two rows, third row at sites of branch 
bifurcation or for moderate to pronounced distances 
along branch proximal to sites of branch bifurcation. 
Heterozooecia (ovicells?) present in some species. 

Dissepiment width ranging from thin to wide, length 
varying from short to long, placement regular to vari- 
able. 

Fenestrule size intermediate to large, shape varying 
from elliptical, ovate, rectangular, to approaching 
square. 

Aperture size large, shape ovate to more rarely cir- 
cular, oriented parallel to plane of obverse surface or 
at slight angle toward fenestrule. Peristome present, 
complete; apertural stylets either present or absent, 
when present well-developed, form as extensions of 
peristomal edge; terminal diaphragms present, posi- 
tioned at proximal end and throughout zoarium. 

Branch shape in cross-section from circular to ovate 
to elliptical, shallow to thick in depth. 

Autozooecial chamber size typically large, less com- 
monly intermediate, chambers biserially emplaced 
along straight to slightly sinuous axial wall; maximum 
chamber length parallel to proximal and distal lateral 
chamber walls in most species, rarely parallel to reverse 
wall at proximal and curving to become parallel to 
lateral walls toward distal end of chamber. Chamber 
outline varying from triangular to irregularly pentag- 
onal to ovate near reverse wall; becoming a parallel- 
ogram, irregular rectangle to irregular pentagon in mid 
chamber and throughout most of chamber depth; ir- 
regularly ovate to elliptical near obverse surface. Ves- 
tibule present, varying from short to long. Superior 
hemiseptum typically absent, although short superior 
hemiseptum present in one species analyzed; present 
at proximal vestibular edge; inferior hemiseptum ab- 
sent. Lateral-wall budding-angle means ranging from 
16° to 22°; reverse-wall budding-angle means from 22° 
to 55°. Lamellar skeletal layer varying from thin to 
thick, exhibiting slight to pronounced astogenetic 
thickening; granular skeletal layer thin to thick, exhib- 
iting slight astogenetic thickening. 

Three-dimensionally reconstructed chamber form 
an irregular to slightly irregular, rectangular to paral- 
lelogram-shaped box, frequently with tubular exten- 
sion at distal obverse end caused by the vestibule. 

Text-figure 12 illustrates zoarial outlines in longi- 
tudinal, tangential, and transverse orientations, and 
three-dimensional chamber reconstructions from ab- 
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axial branch edge, obverse surface, and distal views. 

Remarks.—This genus includes a significant per- 
centage of fenestellid species found in the Warsaw. Its 
members are typically well-preserved due to their ro- 
bust nature. 

Species of Banastella can be separated from other 
fenestellids by the following combination of characters: 
frequent presence of well-developed apertural stylets, 
which fuse during ontogeny to form a peristome; large 
aperture opening, complete lack of inferior and rare 
superior hemisepta, typically large to less commonly 
intermediate autozooecial chamber size, elongate shape 
parallel to proximal and distal lateral chamber walls, 
low reverse-wall budding-angle, and typically stellate 
nodes. 

Autozooecial chambers occurring in more than two 
rows across the branch appear directly related to low 
chamber budding angles from the reverse wall; such 
low angles are present in both Banastella and Polypora 
McCoy, 1844, the latter being recognized by typically 
having more than two rows of autozooecia across the 
branch proximal to sites of branch bifurcation. A pos- 
sible close phylogenetic connection between Banastella 
and Polypora is suggested by the presence of stellate 
nodes, well-developed apertural stylets, and similar 
chamber outlines and low reverse-wall budding-angles. 

Ulrich (1890) assigned Polypora biseriata Ulrich, 
1890 to the polyporids based on pronounced external 
similarities even though P. biseriata had two rows of 
zooecia across the branch, a criterion that should have 
excluded placement in that genus. Herein. P. biseriata 
is placed in Banastella which, as stated above, appears 
phylogenetically close to Polypora. Ulrich’s insight into 
taxonomy of fenestellids, based significantly on exte- 
rior analysis of a great volume of material, is impres- 
sive even after 100 years. 

Species composition.—Six Warsaw species are as- 
signed to this genus: Banastella guensburgi, n. sp., Ban- 
astella cingulata (Ulrich, 1890), Banastella mediocre- 
forma, n. sp., Banastella limitaris (Ulrich, 1890), 
Banasteila biseriata (Ulrich, 1890), and Banastella de- 
licata, n. sp. 

Range.—Lower Mississippian (Valmeyeran), pres- 
ent in the Keokuk, Warsaw, Salem and St. Louis for- 
mations. 


Banastella guensburgi, new species 
Plates 18, figures 2-9, Plate 19, figures 1-10, 
Plate 20, figure 1; Text-figure 12; Table 20 


Etymology of name.—Named for Tom Guensburg, 
who assisted greatly in developing techniques for work- 
ing with these bryozoans. 

Diagnosis.—Zoarium extremely robust, mesh spac- 
ing close, pattern moderately regular; branches robust, 
wide, extremely thick in depth; straight to sinuous, 


broadly curved at lateral zoarial edge; transversely el- 
liptical, spacing moderately close; branches joined at 
moderately constant intervals by intermediate-width, 
short dissepiments. Fenestrules large; shape irregularly 
ovate to more rarely irregularly elliptical, moderately 
variable. Autozooecial apertures large, shape circular 
to shghtly ovate, surrounded by well-developed, wide, 
complete peristome formed from fusion of 15 to 25 
large stylets regularly positioned around aperture; three 
to five (most commonly four) apertures per fenestrule. 
Single wide, continuous keel along middle of obverse 
branch, atop which are positioned large, stellate, four- 
to eight-lobed nodes. Autozooecial chambers large, 
emplaced in two rows, except three rows occurring for 
pronounced distances proximal to sites of branch bi- 
furcation; outline irregularly pentagonal near reverse 
wall, rapidly becoming a rectangle to parallelogram in 
mid and throughout most of chamber length, irregu- 
larly ovate near obverse surface, slightly enlarged at 
distal end. Chamber longest dimension parallel to 
proximal and distal lateral chamber walls. Aperture at 
distal and slightly abaxial end of chamber, connected 
to chamber by long vestibule of variable length. Su- 
perior and inferior hemisepta both absent, Lateral-wall 
budding-angle highly variable (mean of approximately 
19°); reverse-wall budding-angle moderately constant 
(mean of approximately 38°). Enlarged apertural open- 
ings, possibly representing ovicells. 

Table 20 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium extremely robust, 
expansion flat to slightly obversely curved, fan-shaped; 
mesh spacing close; pronounced astogenetic thickening 
of both obverse and reverse lamellar skeleton; zoarial 
pattern moderately regular. Probable mature widths 
30 to 45 mm; lengths 30 to 50 mm. 

Branches robust; wide, moderately variable in width; 
straight to slightly sinuous, with inflections toward sites 
of dissepiment insertion; lateral branches frequently 
broadly curved toward edge of zoarium. Branch spac- 
ing moderately close, distance between adjacent branch 
centers regular. Obverse surface texture smooth, be- 
coming slightly granular with astogeny; surface round- 
ed; except single wide, extremely well-developed keel; 
keel continuous, straight to slightly anastomosing, ex- 
tending along branch midline and causing pronounced 
positive inflection on obverse surface. With astogeny 
pronounced thickening of keel occurs; keel forming a 
ropy expansion across most of obverse surface toward 
proximal end of zoarium, frequently extending over 
adaxial edge of aperture; lamellar skeleton covering 
much of keel with astogeny. Single row of extremely 
well-developed, large stellate nodes with four to eight 
pronounced lobes; node size regular, shape moderately 
variable; nodes projecting from middle of keel; one to 
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two per fenestrule length; widely, moderately evenly 
spaced, most commonly located at or near branch— 
dissepiment junction; with astogeny node diameter in- 
creases and nodes frequently become covered by thick- 
ened secondary lamellar skeleton of the keel. Inter- 
mediate, highly variable size stylets in single row along 
middle of keel, located between nodes and along ab- 
axial edges of keel. Reverse surface texture highly gran- 
ular, becoming more coarsely granular with astogeny; 
bearing an intermediate number of closely spaced lon- 
gitudinal striae atop which are positioned rows of small, 
closely spaced, variable-size microstylets. With asto- 
geny longitudinal striae disappear, becoming covered 
by lamellar skeleton, and microstylets become larger, 
more unevenly positioned across surface. Autozooecia 
arranged in two rows, except third row at site of, or 
three rows occurring for pronounced distances proxi- 
mal to sites of branch bifurcation; branches with pro- 
nounced thickening proximal, thinning distal to sites 
of branch bifurcation. Enlarged apertural openings, 
possibly representing ovicells, infrequently occurring 
at most proximal end of zoarium. 

Dissepiments of intermediate width, approximately 
one-half width of branch, width highly variable; short, 
variable in length; connect branches at moderately con- 
stant intervals. Dissepiments with pronounced medial 
thinning, flaring at branch—dissepiment contact; slight- 
ly recessed from both obverse and reverse surfaces. 
Moderate to pronounced astogenetic thickening of dis- 
sepiments. Obverse dissepiment surface lacking or- 
namentation; reverse dissepiment surface with longi- 
tudinal striae oriented perpendicular to branch length, 
atop which occur rows of small microstylets; striae 
covered by lamellar skeleton and microstylet size in- 
creasing with astogeny; obverse dissepiment texture 
smooth, reverse surface highly granular, both coars- 
ening with astogeny. Emplacement of dissepiments ap- 
proximately perpendicular to branch length. Apertures 
commonly open on proximal or distal edge, or in mid- 
dle of dissepiment edge at branch-dissepiment contact; 
arranged symmetrically or asymmetrically between 
branches. 

Fenestrules large; shape most commonly irregularly 
ovate to more rarely irregularly elliptical, highly elon- 
gate proximodistally; moderately irregular in size and 
shape; expanding moderately in width and length in 
obverse-reverse direction. Mean width of fenestrule 
appreciably less than branch width on obverse surface, 
approaching equal to branch width on reverse; fenes- 
trule opening decreasing in size toward proximal end 
of zoarium due to astogenetic thickening of lamellar 
skeleton. Width to length ratio of fenestrule ranging 
from 1:3 to 1:5, moderately variable; mean ratio of 
width to length approximately 1:4; length of fenestrule 
more constant than width. Three to five (most com- 


Table 20.—Summary numerical analysis of Banastella guensburgi, 
n. sp. For explanation of abbreviations of characters (left column), 
see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.4568 0.0969 21.02 0.257-0.600 
2. DBC 24 0.8121 0.1433 17.65 0.563-1.063 
3. WD 24 0.3145 0.1378 43.82 0.200-0.820 
4. LF 24 1.2151 0.2227 18.33 0.813-1.625 
5. WF 24 0.3458 0.0891 25.11 0.200-0.500 
6. AF 24 4.21 0.59 13.78 3-5 
7. AL 24 0.1958 0.0087 4.44  0.180-0.210 
8. AW 24 0.1647 0.0204 12.39 0.120-0.200 
9. ADB 24 0.4367 0.0523 11.98  0.360-0.560 
10. AAB 24 0.4188 0.0529 12.63 0.320-0.520 
11. ABB 24 0.4524 0.0852 18.83 0.343-0.660 
12. DN 24 0.1929 0.0306 15.86 0.110-0.250 
14. SNB 24 1.4579 0.2368 16.24 ~ 1.050-2.130 
15. WK 24 0.2133 0.0756 35.44 0.110-0.375 
16. DSO 24 0.0101 0.0035 34.65 0.006-0.017 
17. SSO 24 0.1144 0.0438 38.29 0.050-0.200 
18. WP 24 0.0523 0.0134 25.62 0.036-0.080 
19. SA 24 18.29 2.44 13.34 15-25 
20. SAD 24 0.0185 0.0126 68.11  0.007-0.038 
22. RSS 24 0.0176 0.0045 25.57  0.011-0.028 
24. SSS 24 0.0412 0.0174 42.23 0.024-0.073 
32. TRW 24 0.0074 0.0014 18.92 0.005-0.010 
33. TLW 24 0.0078 0.0014 17.95  0.005-0.010 
34. FWT 24 0.1296 0.0396 30.56 0.070-0.175 
35. RWT 24 0.0839 0.0251 29.92 0.050-0.140 
36. CL 24 0.5890 0.0466 7.91 0.500-0.675 
37. CD 24 0.2243 0.0185 8.25  0.200-0.250 
38. MAW 24 0.1743 0.0191 10.96  0.150-0.210 
40. VD 24 0.1140 0.0280 24.56 0.093-0.158 
41. RA 24 38.17 3.50 9.16 33-48 
42. LA 24 18.67 4.44 23.78 9-30 
43. TB 24 1.0096 0.1667 16.51  0.750-1.380 


Text-figure 12.—Banastella guensburgi illustrated. 1, diagram- 
matic longitudinal section showing changing chamber outline from 
deep section near middle of branch (bottom of figure) to shallow 
section near abaxial edge of branch (top of figure) [Observe mod- 
erately low reverse-wall budding-angle (arrow) characteristic of this 
genus.], x 70; 2, diagrammatic tangential section showing changing 
chamber outline from deep section near reverse-wall budding-site 
(bottom of figure) to shallow section near obverse surface (top of 
figure) [Apertural stylets are well-developed in this example (arrow).], 
x 70; 3, diagrammatic transverse section across branch showing typ- 
ical aperture orientation to obverse surface (arrow), x70; 4, dia- 
grammatic transverse section illustrating reverse stylet development 
as an extension of granular skeleton (arrow), * 70; 5, reconstruction 
of typical chamber shape (three-dimensional) as viewed from abaxial 
edge of branch [Observe much greater length than width or depth 
typical of this genus.], x 140; 6, reconstruction of typical chamber 
shape (three-dimensional) as viewed from obverse surface; chamber 
reconstructed is from right side of branch, x 140; 7, reconstruction 
of typical chamber shape (three-dimensional) as viewed from distal 
end of branch; chamber reconstructed is from right side of branch 
[Observe slight inflection into vestibule by apertural stylets (arrow).], 
x 140. 
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monly four) apertures per fenestrule length; distance and across fenestrule all approximately equal; spacing 
between closest aperture centers along, across branch, along and across branch slightly more constant than 
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across fenestrule; all moderately constant. 

Autozooecial apertures large, shape circular to slightly 
ovate, elongate proximoabaxially; width to length ratio 
approximately 4:5, size and shape uniform; opening 
oriented parallel to plane of obverse surface or at slight 
angle toward fenestrule; wide, extremely well-devel- 
oped peristome frequently present, continuous around 
aperture where present, occurring primarily at proxi- 
mal end of zoarium. Fifteen to 25 (most commonly 
18) large, variable-size, well-developed, and regularly 
positioned stylets surround aperture; peristome de- 
velops from fusion of these stylets during astogeny, 
with stylets most common at lateral and distal edges 
of zoarium. Aperture margins extend into fenestrule, 
causing pronounced inflections in fenestrule outline on 
obverse surface. Centrally thickened terminal dia- 
phragms present, commonly occurring throughout the 
zoarium. 

Zoarial supports commonly develop as extensions 
of reverse zoarial surface and lateral edge of zoarium. 

Interior description.—Branches elliptical in trans- 
verse section, moderately flaring on obverse side, elon- 
gate in obverse-reverse direction. Branches extremely 
thick in depth, moderately variable. 

Autozooecial living chambers large, biserially ar- 
ranged in alternating rows along planar branch axial 
wall; axial wall straight to slightly sinuous, extending 
toward and connecting with long chamber lateral walls. 
Chamber longest direction parallel to proximal and 
distal lateral chamber walls. Autozooecial chamber 
outline irregularly pentagonal near reverse-wall bud- 
ding-site; rapidly becoming a rectangle to parallelo- 
gram in middle and throughout most of chamber length, 
irregularly ovate near obverse surface, slightly enlarged 
at distal end of chamber; chamber shape highly uni- 
form. Aperture positioned at distal and slightly abaxial 
end of chamber, connected to chamber by long ves- 
tibule of moderately variable length. Ratio of auto- 
zooecial chamber width to depth approximately 3:4; 
depth to length ratio 3:8; width, depth, and length all 
highly constant. Superior and inferior hemisepta both 
absent. Autozooecial chambers diverge laterally from 
middle of branch at a highly variable angle (mean of 
19°); from reverse wall at a moderately constant angle 
(mean of 38°). 

Three-dimensionally reconstructed chamber form a 
slightly irregular rectangular box with tubular exten- 
sion at distal-obverse end of vestibule; long dimension 
as viewed from lateral edge of branch; depth, viewed 
from distal end of branch, moderately greater than 
width, viewed from obverse surface. 

Large apertural stylets connect to inner granular skel- 
etal material; stylets increase in diameter in the ves- 
tibule, forming a slight to moderate restriction im- 
mediately chamberward from aperture opening. 


Internal granular skeletal layer moderately thick, well- 
developed; continuous with obverse nodes, stylets, 
peristome, and keel; reverse longitudinal striae and 
microstylets atop these striae; across dissepiments and 
in the middle of zoarial supports. Outer lamellar layer 
thick, showing pronounced astogenetic thickening on 
both obverse and reverse exterior surface, greatest at 
proximal end of zoarium. 

Remarks.—Reverse-wall budding-angle, chamber 
dimensions, aperture dimensions and spacing, and ap- 
ertural stylet count (when stylets are present) are all 
characters with low coefficients of variation and high 
taxonomic importance within Banastella. Mesh spac- 
ing and dimensions, branch width and thickness, and 
stylet and nodal diameters, although usually exhibiting 
higher variability than reverse-wall budding-angle, etc., 
are also important. 

Pronounced astogenetic thickening of the lamellar 
skeletal layer is characteristic of B. guensburgi, partic- 
ularly over the keel, which expands to form a ropy 
overgrowth which partially covers apertures. This gives 
a highly varied appearance to the zoarial exterior, re- 
quiring reliance on interior characters for proper spe- 
cies assignment. Other distinguishing characters in- 
clude large aperture openings surrounded by highly 
symmetrical apertural stylets that extend into and 
slightly fill the middle of vestibule, and large, well- 
developed lobate nodes. Apertural stylets occur in oth- 
er species of Banastella, but they are best developed 
in B. guensburgi. 

B. guensburgi is similar in exterior appearance to 
both Fenestella regalis Ulrich, 1890 [pp. 538-539] and 
Fenestella funicula Ulrich, 1890 [pp. 542-543]. F. re- 
galis, although having a similar ropy keel, has much 
wider branches and coarser mesh pattern than B. 
guensburgi. F. funicula has similar branch width, mesh 
symmetry, and ropy keel to that in B. guensburgi, how- 
ever smaller apertures, lack of apertural stylets, greater 
number of apertures per fenestrule length, and lack of 
three rows of autozooecia for moderate to pronounced 
distances proximal to sites of branch bifurcation readi- 
ly distinguish F. funicula from B. guensburgi. 

Material studied.—Fourty-eight exterior fragments, 
16 sectioned specimens; largest zoarial fragment 27 x 58 
mm (width to length). Little skeletal alteration of these 
colonies is evident, although several sectioned zoaria 
were crushed, probably due to compacting of mud. 

Occurrence.—Banastella guensburgi is extremely 
common at the Valmeyer and St. Louis localities; it 
ranges through the Warsaw, but is much less common 
toward the top. It is abundant in both limestones and 
shales. 

Holotype.—UI X-6779 (loc. 49B, sample 12). 

Paratypes.—UI X-6748, 6794-6796, 6780, 7016, 
6941, 6959- 6966 (loc. 49B, samples 8, 12, 13). 
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Table 21.—Summary numerical analysis of Banastella cingulata 
(Ulrich, 1890). For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.3150 0.0744 23.62 0.188-0.456 
2. DBC 24 0.4820 0.0595 12.34 0.375-0.580 
3. WD 24 0.2091 0.0417 19.94  0.125-0.288 
4. LF 24 0.5611 0.0980 17.47 0.356-0.675 
5. WEF 24 0.3061 0.0723 23.62 0.219-0.433 
6. AF 24 3.00 0.67 22.30 244 
7. AL 24 0.1697 0.0111 6.54 0.148-0.188 
8. AW 24 0.1484 0.0169 11.39 0.129-0.188 
9. ADB 24 0.3144 0.0578 18.38  0.260-0.450 
10. AAB 24 0.2757 =0.0379 $13.75 0.243-0.320 
11. ABB 24 0.3228 0.0540 16.73 0.240-0.400 
12. DN 24 0.0955 0.0288 30.16 0.060-0.163 
14. SNB 24 0.3812 0.0766 20.09 0.275-0.533 
15. WK 24 0.0250 0.0087 34.80 0.012-0.043 
18. WP 24 0.0342 0.0096 28.07  0.021-0.071 
19. SA 24 21.08 3.42 16.24 16-28 
20. SAD 24 0.0158 0.0034 2.52 0.012-0.024 
22. RSS 24 0.0117 0.0025 21.37. 0.009-0.018 
24. SSS 24 0.0541 0.0162 29.94  0.029-0.086 
32. TRW 24 0.0101 0.0022 21.78 0.006-0.014 
33. TLW 24 0.0187 0.0078 41.71  0.010-0.034 
34. FWT 24 0.1242 0.0633 50.97 0.049-0.245 
35. RWT 24 0.1619 0.0689 42.56 0.069-0.286 
36. CL 24 0.4894 0.0291 5.95 0.449-0.554 
37. CD 24 0.2122 0.0171 8.06  0.185-0.243 
38. MAW 24 0.1475 0.0183 12.41 0.122-0.863 
40. VD 24 0.1280 0.0413 32.27  0.072-0.214 
41. RA 24 55.00 4.79 8.70 46-62 
42. LA 24 15.83 2.97 18.77 10-22 
43. TB 24 0.5457. 0.1282 23.49 0.328-0.715 


Banastella cingulata (Ulrich, 1890) 
Plate 20, figures 2-10, Plate 21, figures 1-6; Table 21 


Fenestella cingulata Ulrich, 1890, p. 543, pl. 52, figs. 1-1d [Keokuk 
Group: Nauvoo, Illinois; Keokuk, Iowa]; Keyes, 1894, p. 23 [Keo- 
kuk Limestone; Keokuk, Iowa]. 


Diagnosis.—Zoarium robust, mesh spacing inter- 
mediate, pattern regular; branches robust, width lower- 
end intermediate, thick in depth; branches sinuous, 
lateral branches frequently broadly curved toward 
zoarial edge; transversely elliptical, spacing close; 
branches joined at moderately regular intervals by in- 
termediate-width, very short dissepiments. Fenestrule 
size intermediate; shape ranging from ovate to ellip- 
tical, moderately variable. Autozooecial apertures large, 
shape circular to slightly ovate, surrounded by inter- 
mediate-size well-developed, complete peristome 
formed from fusion of 16 to 28 intermediate-size sty- 
lets regularly positioned around aperture; two to four 
(most commonly three) apertures per fenestrule. Single 
narrow, intermittent keel along middle of obverse 
branch, from which project intermediate-size, stellate 


multilobed nodes. Autozooecial chambers large, em- 
placed in two rows, except three rows occurring for 
pronounced distances proximal to sites of branch bi- 
furcation; outline irregularly pentagonal near reverse 
wall, rapidly becoming irregularly rectangular to more 
rarely slightly irregularly pentagonal throughout most 
of chamber, irregularly ovate to elliptical near obverse 
surface, slightly enlarged at distal end. Chambers elon- 
gate parallel to proximal and distal lateral chamber 
walls. Aperture at distal-abaxial end of chamber, con- 
nected to chamber by long vestibule of highly variable 
length. Superior and inferior hemisepta both absent. 
Lateral-wall budding-angle highly variable (mean of 
16°); reverse-wall budding-angle moderately constant 
(mean of 55°). 

Table 21 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium robust; expansion 
curving slightly toward obverse surface, rarely cupped, 
fan-shaped; mesh spacing intermediate; pronounced 
astogenetic thickening of obverse and reverse lamellar 
skeleton; external zoarial pattern regular. Probable ma- 
ture widths 20 to 25 mm; lengths 20 to 30 mm. 

Branches robust; width lower-end intermediate, 
variable; generally sinuous, exhibiting slight inflections 
toward sites of dissepiment emplacement, lateral 
branches frequently broadly curved toward edge of 
zoarium. Branches closely spaced, distance between 
adjacent branch centers extremely regular. Obverse 
surface texture granular; surface moderately angular as 
a result of close spacing of large apertures; single nar- 
row, poorly developed, intermittent, highly anasto- 
mosing keel curving around apertures on obverse 
branch surface, causing very slight inflection on ob- 
verse surface. Keel covered by lamellar skeleton during 
astogenetic thickening and obverse surface becomes 
increasingly granular in texture. Nodes monoserially 
emplaced and well-developed, size intermediate, shape 
stellate, multilobed, generally elongate proximodistal- 
ly, highly irregular in size and shape, positioned in 
slightly anastomosing way along middle of obverse 
branch surface, projecting from keel and most com- 
monly occurring between two apertural openings across 
the branch surface; two to three (most commonly two) 
per fenestrule length, intermediately evenly spaced, 
node diameter greatly increasing with astogeny. Re- 
verse surface texture moderately granular, coarsening 
with astogeny; bearing an intermediate number of in- 
termediately spaced longitudinal striae which become 
covered by lamellar skeleton with astogeny; closely 
spaced rows of small microstylets positioned atop stri- 
ae; microstylets increase in diameter and become scat- 
tered across reverse zoarial surface with astogeny. Au- 
tozooecia arranged in two rows, except three rows 
frequently occurring for pronounced distances proxi- 
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mal to sites of branch bifurcation; pronounced thick- 
ening of branches proximal, thinning distal to sites of 
branch bifurcation. 

Dissepiments of intermediate width, two-thirds that 
of branch, width moderately constant; very short, 
moderately variable in length; connect branches at 
moderately regular intervals. Pronounced astogenetic 
thickening of dissepiments. Dissepiments exhibiting 
pronounced medial thinning, flaring at branch-dissep- 
iment contact; highly recessed from obverse, approx- 
imately even with reverse surface. Obverse dissepi- 
ment surface lacking ornamentation; reverse surface 
with rows of poorly developed longitudinal striae ori- 
ented perpendicular to branch length, atop which proj- 
ect rows of small stylets; striae covered by lamellar 
skeleton, stylet diameter increasing as dissepiments 
thicken during astogeny; both obverse and reverse dis- 
sepiment surfaces granular in texture. Emplacement of 
dissepiments perpendicular or approximately perpen- 
dicular to branch length. Apertures commonly open 
on proximal or distal edge, less frequently in middle 
of dissepiment at branch-dissepiment contact; ar- 
ranged symmetrically or asymmetrically between 
branches. 

Fenestrule size intermediate; shape ranging from 
ovate to elliptical, elongate proximodistally, to rarely 
approaching square; moderately regular in size, mod- 
erately variable in shape; greatly expanding in width 
and length in obverse-reverse direction. Mean width 
of fenestrule much less than branch width on obverse 
surface, approximately equal on reverse; fenestrule 
opening decreasing in size toward proximal end of 
zoarium with astogenetic thickening of lamellar skel- 
eton. Width to length ratio of fenestrule ranging from 
1:1 to approximately 1:3, variable; mean width to length 
ratio approximately 1:2; length more constant than 
width. Two to four (most commonly three) apertures 
per fenestrule length; distance between closest aperture 
centers along branch and across branch approximately 
equal, slightly less than spacing of aperture centers 
across fenestrule; spacing along branch, across branch, 
and across fenestrule all moderately variable. 

Autozooecial apertures large, shape circular to slightly 
ovate, elongate proximodistally, width to length ratio 
approximately 7:8, size uniform, shape moderately 
uniform; opening oriented parallel to plane of obverse 
surface; intermediate-size, well-developed peristome 
present, continuous around aperture at proximal end 
of zoarium. Sixteen to 28 (most commonly 21) stylets, 
intermediate in size, well-developed and regularly po- 
sitioned, surrounding aperture; peristome develops 
from fusion of these stylets during astogeny, with sty- 
lets present at middle and distal edges of zoarium. 
Aperture margins exhibit pronounced extension into 
fenestrule, causing pronounced inflections in fenestrule 


outline on obverse surface. Centrally thickened ter- 
minal diaphragms commonly occurring throughout the 
zoarium. 

Large zoarial supports develop as extensions of re- 
verse zoarial surface and lateral edge of zoarium. 

Interior description.—Branches elliptical in trans- 
verse section, moderately flaring on obverse side, elon- 
gate in obverse-reverse direction. Branches thick, vari- 
able in depth. 

Autozooecial living chambers large, biserially ar- 
ranged in alternating rows along planar branch axial 
wall; axial wall straight to slightly sinuous, extending 
toward and connecting with long chamber lateral walls. 
Chamber longest direction parallel to proximal and 
distal lateral chamber walls. Autozooecial chamber 
outline irregularly pentagonal near reverse-wall bud- 
ding-site; rapidly becoming irregularly rectangular to 
more rarely slightly irregularly pentagonal throughout 
most of chamber depth; irregularly ovate to elliptical 
near obverse surface, slightly enlarged at distal end of 
chamber; chamber shape moderately regular. Aperture 
located at distal-abaxial end of chamber, connected to 
chamber by long vestibule of highly variable length. 
Ratio of autozooecial chamber width to depth ap- 
proximately 7:10; depth to length ratio approximately 
4:9; chamber length and depth more constant than 
width. Superior and inferior hemisepta both absent. 
Autozoocial chamber diverges laterally from middle 
of branch at a highly variable angle (mean of 16°); from 
reverse wall at a moderately constant angle (mean of 
55)! 

Three-dimensionally reconstructed chamber form 
an irregular rectangular box, with slight tubular exten- 
sion of vestibule; long dimension as viewed from lat- 
eral edge of branch; depth, viewed from distal end of 
branch, moderately greater than width, viewed from 
obverse surface. 

Intermediate-size apertural stylets connect to inner 
granular skeletal material; stylets increase in diameter 
in the vestibule, forming a slight restriction immedi- 
ately chamberward from aperture opening. Internal 
granular skeletal layer extremely thick; continuous with 
obverse keel, nodes, and apertural stylets; reverse lon- 
gitudinal striae and stylets; across dissepiments and in 
the middle of zoarial supports; granular layer exhib- 
iting secondary astogenetic thickening slightly filling 
chamber. Outer lamellar layer thick, exhibiting pro- 
nounced astogenetic thickening on both obverse and 
reverse exterior surfaces at proximal end of zoarium. 

Remarks.— Ulrich (1890, p. 543) described the ap- 
ertural stylets in B. cingulata as ‘“‘a ring of minute tu- 
bules around the zooecial aperture.”’ A longitudinal 
section through one of the stylets (Pl. 20, figs. 7a, 8b) 
illustrates the granular skeletal composition and their 
connection with the internal granular skeleton. 
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Characters typical of species of Banastella include 
autozooecial chamber shape and great chamber elon- 
gation, direction of maximum elongation paralleling 
lateral chamber walls, apertural stylets and their fusion 
to form a peristome, stellate nodes, and centrally thick- 
ened terminal diaphragms. B. cingulata is distin- 
guished from other species of Banastella by its closer 
mesh spacing, moderately high reverse-wall budding- 
angle compared to other species of this genus, and 
characteristic autozooecial chamber dimensions. 

Material studied.—Twenty-two exterior fragments, 
five sectioned specimens; largest zoarial fragment 
24x 28 mm (width to length). The robust nature of the 
colonies leads to preservation of nearly complete zoar- 
ia, although some secondary alteration of microstruc- 
ture is evident. 

Occurrence.—Banastella cingulata is moderately 
common at the Valmeyer and St. Louis localities, and 
ranges throughout the Warsaw. It is present in both 
limestone and shale. 

Figured and/or measured specimens.—UI X-6719, 
6720 (loc. 49B, sample 12), 6747, 7025, 7026 (loc. 
47A, sample 37). 


Banastella mediocreforma, new species 
Plate 22, figures 1-11, Plate 23, figures 1-6; Table 22 


Etymology of name.— Named for the moderately in- 
distinct exterior appearance that characterizes this spe- 
cles. 

Diagnosis.—Zoarium extremely robust, mesh spac- 
ing lower-end intermediate, pattern moderately regu- 
lar; branches robust, wide, thick, straight to sinuous, 
transversely circular, spacing lower-end intermediate; 
branches joined at moderately variable intervals by 
wide, short dissepiments. Fenestrules large; shape el- 
liptical to more rarely ovate, moderately variable. Au- 
tozooecial apertures large, shape ovate, surrounded by 
well-developed, intermediate-width, complete peri- 
stome formed from fusion of nine to 17 small stylets 
irregularly positioned around aperture; three to four 
(mean of 3.5) apertures per fenestrule. Single narrow, 
intermittent keel along middle of obverse branch, atop 
which are positioned large, stellate, four- to 10-lobed 
nodes. Autozooecial chambers large, emplaced in two 
rows, except three rows occurring for pronounced dis- 
tances proximal to sites of branch bifurcation; outline 
irregularly pentagonal near reverse wall, rapidly be- 
coming a rectangle to parallelogram in mid and 
throughout most of chamber, ovate near obverse sur- 
face, slightly enlarged at distal end. Chamber elongate 
parallel to proximal and distal lateral chamber walls. 
Aperture at distal and slightly abaxial end of chamber, 
connected to chamber by short vestibule of moderately 
variable length. Superior and inferior hemisepta both 
absent. Lateral-wall budding-angle highly variable 


(mean of 22°); reverse-wall budding-angle slightly vari- 
able (mean of 36°). 

Table 22 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium extremely robust, 
expansion flat to rarely slightly obversely curved, fan- 
shaped; mesh spacing lower-end intermediate; pro- 
nounced astogenetic thickening of both obverse and 
reverse lamellar skeleton; zoarial pattern moderately 
irregular. Probable mature widths 20 to 35 mm, lengths 
30 to 45 mm. 

Branches robust; wide, slightly variable in width; 
relatively straight, however frequently with slight in- 
flections toward sites of dissepiment insertion. Branch 
spacing lower-end intermediate, distance between ad- 
jacent branch centers extremely regular. Obverse sur- 
face texture highly granular, becoming more coarsely 
granular with astogeny; surface rounded, except single 
narrow, poorly developed keel; keel intermittent, high- 
ly anastomosing, extending along branch midline and 
causing slight positive inflection on obverse surface. 
Keel becomes covered by lamellar skeleton with as- 
togeny, completely obscuring keel on obverse surface. 
Single row of well-developed, large irregularly stellate 
nodes with four to 10 lobes; nodes elongate proxi- 
modistally, size moderately regular, shape highly vari- 
able; nodes projecting from keel, one to two per fe- 
nestrule length, widely and evenly spaced, commonly 
opening at or near branch—dissepiment junction; node 
diameter increases with astogeny, with nodes frequent- 
ly covered by secondary lamellar skeleton and becom- 
ing no longer visible on obverse surface. Small to up- 
per-end small regularly sized stylets variably positioned 
across obverse surface. Reverse surface texture gran- 
ular, becoming increasingly granular with astogeny; in- 
termediate number of closely spaced longitudinal striae 
atop which are positioned rows of intermediately spaced 
small, variable-size microstylets. With astogeny lon- 
gitudinal striae disappear and stylets increase in size, 
becoming more unevenly positioned across surface; 
striae visible on reverse exterior of zoarium only at 
most distal end of zoarium. Autozooecia arranged in 
two rows, except three rows frequently occurring for 
pronounced distances proximal to sites of branch bi- 
furcation; branches exhibit pronounced thickening 
proximal, thinning distal to sites of branch bifurcation. 
Heterozooecia absent in all zoarial fragments analyzed. 

Dissepiments wide, width greater than that of branch, 
moderately variable; length short, moderately vari- 
able; connect branches at moderately variable inter- 
vals. Dissepiments thin medially, exhibit moderate 
flaring at branch—dissepiment contact; approximately 
even with both obverse and reverse surfaces. Pro- 
nounced astogenetic thickening of dissepiments. Ob- 
verse dissepiment surface lacking ornamentation; re- 


80 PALAEONTOGRAPHICA AMERICANA, NUMBER 57 


verse dissepiment surface with longitudinal striae 
oriented perpendicular to branch length, atop which 
occur rows of small stylets; with astogeny striae cov- 
ered by lamellar skeleton and stylet size increases along 
with increasingly irregular placement of stylets across 
reverse surface; both obverse and reverse dissepiment 
surface textures granular, becoming increasingly gran- 
ular with astogeny. Emplacement of dissepiments 
varying from approximately perpendicular to branch 
length to a slight angle toward fenestrule. Apertures 
commonly open on proximal or distal edge, or in mid- 
dle of dissepiment edge at branch-dissepiment contact; 
arranged symmetrically or asymmetrically between 
branches. 

Fenestrule large; shape primarily elliptical, more 
rarely irregularly ovate, highly elongate proximodis- 
tally; irregular in both size and shape; very slight ex- 
pansion in width and length in obverse-reverse direc- 
tion. Mean width of fenestrule approximately five-sixths 
that of branch; slight decrease in fenestrule opening 
size toward proximal end of zoarium due to astogenetic 
thickening of lamellar skeleton. Width to length ratio 
of fenestrule ranging from 1:3 to 1:2, mean width to 
length ratio approximately 2:5; equally variable width 
and length of fenestrule. Three to four (mean of 3.5) 
apertures per fenestrule length; distance between clos- 
est aperture centers along branch and across branch 
approximately equal, approximately seven-eighths 
spacing across fenestrule; constancy of spacing along 
and across branch approximately equal, much more 
constant than spacing across fenestrule, which is mod- 
erately variable. 

Autozooecial apertures large, shape ovate, elongate 
proximoabaxially, width to length ratio approximately 
3:4; opening most commonly oriented parallel to plane 
of obverse surface, more rarely at a slight angle toward 
fenestrule; peristome width intermediate, well-devel- 
oped, continuous around aperture where present to- 
ward proximal end of zoarium. Nine to 17 (most com- 
monly 13) small, well-developed, and irregularly 
positioned stylets surround aperture; peristome de- 
velops from fusion of these stylets during astogeny, 
with stylets present at lateral and distal edge of zoar- 
ium. Aperture margin exhibiting slight extension into 
fenestrule, causing slight inflections in fenestrule out- 
line on obverse surface. Apertures covered toward 
proximal end of zoarium by astogenetically thickened 
lamellar skeleton. 

Large zoarial supports commonly develop as exten- 
sions of reverse zoarial surface and lateral edge of zoar- 
ium. 

Interior description.—Branches a near-perfect to 
slightly irregular circle in transverse section, moder- 
ately flaring on obverse side. Branch thick, moderately 
regular in depth. 


Table 22.—Summary numerical analysis of Banastella mediocre- 
forma, n. sp. For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 


of 


mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.4543 0.0854 18.80 0.321-0.725 
2. DBC 24 0.8261 0.0934 11.31 0.670-1.042 
3. WD 24 0.4711 0.1086 23.05 0.317-0.783 
4. LF 24 1.0410 0.2274 21.84 0.879-1.296 
5. WF 24 0.3803 0.0944 24.82 0.246-0.625 
6. AF 24 3.50 0.51 14.59 34 
7. AL 24 0.2235 0.0081 3.62  0.209-0.240 
8. AW 24 0.1705 0.0081 4.75 0.152-0.190 
9. ADB 24 0.3832 0.0340 8.87  0.296-0.463 
10. AAB 24 0.3758 0.0291 7.74 0.321-0.428 
11. ABB 24 0.4408 0.0763 17-31 0.283-0.558 
12. DN 24 0.1446 0.0208 14.38  0.107-0.188 
14. SNB 24 0.8788 0.2052 23.35 0.438-1.183 
15. WK 24 0.0365 0.0132 36.16 0.020-0.064 
16. DSO 24 0.0078 0.0015 19.23 0.005-0.008 
17. SSO 24 0.0981 0.0284 28.95  0.048-0.138 
18. WP 24 0.0324 0.0037 11.42  0.027-0.040 
19. SA 24 12.96 1.83 14.11 9-17 
20. SAD 24 0.0141 0.0052 36.88  0.005-0.028 
22. RSS 24 0.0126 0.0026 20.63 0.009-0.018 
24. SSS 24 0.1209 0.0363 30.02 0.078-0.179 
32. TRW 24 0.0057 0.0008 14.04 0.004—-0.008 
33. TLW 24 0.0061 0.0009 14.75 0.004-0.008 
34. FWT 24 0.0937 0.0334 35.65 0.043-0.155 
35. RWI 24 0.0750 0.0278 37.07  0.028-0.124 
36. CL 24 0.5574 0.0123 2.21 0.535-0.583 
37. CD 24 0.2295 0.0210 9.15  0.193-0.265 
38. MAW 24 0.2083 0.0137 6.58  0.192-0.250 
40. VD 24 0.0926 0.0183 19.76 0.049-0.138 
41. RA 24 35.54 5.52 15.54 23-46 
42. LA 24 21.54 4.32 20.07 14-32 
43. TB 24 0.4964 0.0566 11.40  0.357-0.566 


Autozooecial living chamber large, biserially ar- 
ranged in alternating rows along planar branch axial 
wall; axial wall straight, slightly sinuous near reverse 
wall of chamber, curving toward sites of long lateral- 
wall emplacement. Chamber longest dimension par- 
allel to proximal and distal lateral chamber walls. Au- 
tozooecial chamber outline irregularly pentagonal near 
reverse-wall budding-site; rapidly becoming a rectan- 
gle to parallelogram in the mid and throughout most 
of chamber; ovate near obverse surface, slightly en- 
larged at distal end of chamber; chamber shape highly 
regular. Aperture positioned at distal-abaxial end of 
chamber, connected to chamber by short vestibule of 
moderately variable length. Ratio of autozooecial 
chamber width to depth approximately 9:10; depth to 
length ratio approximately 2:5; length more constant 
than width or depth, however all regular. Superior and 
inferior hemisepta both absent. Autozooecial chamber 
diverges laterally from middle of branch at highly vari- 
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able angle (mean of 22°); from reverse wall at a slightly 
variable angle (mean of 36°). 

Three-dimensionally reconstructed chamber form a 
slightly irregular rectangular box; long dimension as 
viewed from lateral edge branch; depth, viewed from 
distal end of branch, slightly greater than width, viewed 
from obverse surface. 

Internal granular layer thickness intermediate; con- 
tinuous with obverse keel, nodes, stylets, peristome, 
and apertural stylets; reverse longitudinal striae and 
microstylets atop these striae; across dissepiment and 
in the middle of zoarial supports. Outer lamellar layer 
thick, exhibiting pronounced astogenetic thickening on 
both obverse and reverse exterior surfaces, most pro- 
nounced at proximal end of zoarium. 

Remarks.—Banastella mediocreforma is distin- 
guished from the closely similar species, B. /imitaris 
(Ulrich, 1890), by having lower-end intermediate mesh 
spacing rather than intermediate spacing, single as 
compared to multiple keels, autozooecial chamber 
slightly shorter in length and smaller in volume, fewer 
apertural stylets, and a smaller reverse-wall budding- 
angle, one of the lowest for any of the species of Ban- 
astella. A highly granular zoarial exterior is also highly 
characteristic of B. mediocreforma. 

Material studied.— Twenty-eight exterior fragments; 
four sectioned specimens; largest zoarial fragment 
20 x 25 mm (width to length). The highly robust nature 
of this species results in the presence of nearly complete 
colonies that exhibit little secondary skeletal alteration. 

Occurrence.— Banastella mediocreforma is relative- 
ly rare, and is present at the Valmeyer and St. Louis 
localities. It ranges throughout the Warsaw, and is pres- 
ent in both limestones and shales. 

Holotype.—UI X-6717 (loc. 49B, sample 12). 

Paratypes.— UI X-6916, 6917, 6746 (loc. 49B, sam- 
ples 120, 12, 13). 


Banastella limitaris (Ulrich, 1890) 
Plate 24, figures 1-10, Plate 25, figures 1-8; Table 23 


Fenestella limitaris Ulrich, 1890, p. 538, pl. 49, figs. 4, 4a [Keokuk 
Group: Bentonsport and Keokuk, Iowa]; Keyes, 1894, p. 23 [Keo- 
kuk Limestone: Keokuk, Iowa]. 


Diagnosis.—Zoarium robustness intermediate, mesh 
spacing intermediate, pattern regular; branches mod- 
erately robust, wide, depth thick; straight to sinuous, 
frequently broadly curved at lateral zoarial edge; trans- 
versely irregularly ovate to elliptical, spacing close; 
branches joined at regular intervals by lower-end in- 
termediate width, short to lower-end intermediate 
length dissepiments. Fenestrules large; shape elliptical 
to ovate, variable. Autozooecial apertures large, shape 
ovate, elongate proximoabaxially; surrounded by well- 
developed, intermediate-width, complete peristome 


formed from fusion of 16 to 26 small stylets regularly 
positioned around aperture; three to four (mean of 
3.67) apertures per fenestrule. Single to multiple in- 
termediate-width intermittent keel(s), straight to anas- 
tomosing around autozooecial apertures along middle 
of obverse branch, atop which are positioned large, 
stellate nodes. Autozooecial chambers large, emplaced 
in two rows, except third row at sites of branch bifur- 
caion or three rows for pronounced distances proximal 
to sites of branch bifurcation; outline irregularly ovate 
to rounded triangle near reverse wall, rapidly becoming 
uregularly pentagonal immediately obverse from re- 
verse wall, a rectangle to parallelogram throughout mid 
and most of chamber length, elliptical to ovate near 
obverse surface, slightly enlarged at distal end of cham- 
ber. Chamber longest dimension parallel to proximal 
and distal lateral chamber walls. Aperture at distal- 
abaxial end of chamber, connected to chamber by long 
vestibule of variable length. Superior and inferior hemi- 
septa both absent. Lateral-wall budding-angle variable 
(mean of 21°); reverse-wall budding-angle constant 
(mean of 47°). 

Table 23 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium robustness inter- 
mediate, expansion flat, flaring at distal end, fan-shaped; 
mesh spacing intermediate; slight to moderate asto- 
genetic thickening of both obverse and reverse lamellar 
skeleton; zoarial pattern regular. Probable mature 
widths 40 to 50 mm; lengths 30 to 45 mm. 

Branches moderately robust; wide, slightly variable 
in width; ranging from straight to sinuous, with in- 
flections toward sites of dissepiment insertion; lateral 
branches frequently broadly curved toward edge of 
zoarium. Branch spacing close, distance between ad- 
jacent branch centers moderately regular. Obverse sur- 
face texture slightly granular; surface profile angular 
with single to multiple intermediate-width, well-de- 
veloped keel(s); keel(s) intermittent, varying from 
straight to moderately anastomosing, curving around 
autozooecial apertures; keel(s) extending along branch 
midline, causing moderate positive inflection(s) on ob- 
verse surface. Slight thickening of keel(s) occurring with 
astogeny, due to covering of keel(s) by lamellar skel- 
eton; near proximal end of zoarium partially covering 
adaxial edge of aperture. Single row of extremely well- 
developed, large elliptical to slightly stellate, proxi- 
modistally elongate nodes; node size moderately reg- 
ular, shape variable; nodes projecting from middle of 
keel; most commonly one, rarely two nodes per fe- 
nestrule length, widely, evenly spaced, most frequently 
located at or near branch-dissepiment junction; node 
diameter increases with astogeny. Extremely small sty- 
lets in rows along middle of keel(s) positioned between 
nodes. Reverse surface texture highly granular, becom- 
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ing more coarsely granular with astogeny; bearing an 
intermediate number of closely spaced longitudinal 
striae atop which are positioned rows of intermediate- 
size, closely spaced, variable microstylets. With asto- 
geny longitudinal striae disappear and microstylets be- 
come larger, more scattered across surface. Autozooe- 
cia arranged in two rows, except third row at site of 
branch bifurcation or three rows extending for pro- 
nounced distances proximal to branch bifurcation; 
branches exhibiting pronounced thickening proximal, 
thinning distal to sites of branch bifurcation. Enlarged 
apertural openings, possibly representing ovicells, in- 
frequently occurring at most proximal end of zoarium. 

Dissepiments of lower-end intermediate width, ap- 
proximately three-fifths branch width, width highly 
variable; short to lower-end intermediate in length, 
moderately constant; connect branches at regular in- 
tervals. Dissepiments exhibit pronounced medial thin- 
ning, flaring at branch-dissepiment contact; moder- 
ately recessed from obverse, approximately even with 
reverse surface. Slight to moderate astogenetic thick- 
ening of dissepiments. Obverse dissepiment surface 
with two to five barlike longitudinal striae located across 
dissepiment surface, oriented perpendicular to branch 
length, extremely small stylets positioned atop striae; 
reverse dissepiment surface with less pronounced lon- 
gitudinal striae across dissepiment surface, oriented 
perpendicular to branch length, small to intermediate- 
size microstylets project from these striae; with asto- 
geny reverse striae disappear, microstylets become 
larger, more scattered across dissepiment surface; ob- 
verse dissepiment texture slightly granular, reverse sur- 
face highly granular. Emplacement of dissepiments 
most commonly at a slight angle from perpendicular 
to branch length, more rarely emplaced perpendicular 
thereto. Apertures commonly open on proximal or dis- 
tal edge, or in middle of dissepiment at branch—dis- 
sepiment contact; predominantly arranged symmetri- 
cally, less commonly arranged asymmetrically between 
branches. 

Fenestrules large; shape elliptical to ovate, elongate 
proximodistally; moderately regular in size, variable 
in shape; expanding slightly in width and length in 
obverse-reverse direction. Mean width of fenestrule 
approximately equal to branch width on obverse, 
slightly greater on reverse surface; very slight decrease 
in size of fenestrule opening toward proximal end of 
zoarium due to astogenetic thickening of lamellar skel- 
eton. Ratio of mean fenestrule width to length ap- 
proximately 1:3, moderately constant; length of fenes- 
trule more constant than width. Three to four (mean 
of 3.67) apertures per fenestrule length; distance be- 
tween closest aperture centers across branch nine-tenths 
of that along branch; aperture center spacing along 
branch four-fifths of that across fenestrule; spacing along 
and across branch and across fenestrule all variable. 


Table 23.—Summary numerical analysis of Banastella limitaris 
(Ulrich, 1890). For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 


of 


mea- coeffi- 
sure- standard cient of observed 
ments mean deviation variation range 
1. WB 24 0.4851 0.0854 17.60 0.369-0.619 
2. DBC 24 0.7810 0.1248 15.98  0.581-1.038 
3. WD 24 0.2898 0.0749 25.86 0.213-0.456 
4. LF 24 1.2220 0.1598 13.08 0.981-1.500 
5. WEF 24 0.4420 0.0851 19.25.  0.350-0.625 
6. AF 24 3.67 0.49 13.43 344 
7. AL 24 0.2040 0.0184 9.02 0.178-0.240 
8. AW 24 0.1615 0.0192 11.89 0.135-0.193 
9. ADB 24 0.3979 0.0668 16.79  0.331-0.550 
10. AAB 24 0.3653 0.0496 13.58  0.265-0.455 
11. ABB 24 0.4908 0.1009 20.56 0.350-0.700 
12. DN 24 0.1338 0.0297 22.20 0.098-0.170 
14. SNB 24 1.3820 0.2100 15.20  1.100-1.825 
15. WK 24 0.0745 0.0248 33.29 =0.043-0.130 
16. DSO 24 0.0145 0.0035 24.14 0.011-0.031 
17. SSO 24 0.0348 0.0110 31.61 0.029-0.086 
18. WP 24 0.0254 0.0045 17.72 0.018-0.033 
19. SA 24 20.25 2.90 14.30 16-26 
20. SAD 24 0.0162 0.0032 19.75  0.013-0.023 
22. RSS 24 0.0182 0.0050 27.47 0.011-0.031 
24. SSS 24 0.0515 0.0131 25.44  0.030-0.075 
32. TRW 24 0.0129 0.0033 25.58  0.008-0.020 
33. TLW 24 0.0188 0.0038 20.21 0.012-0.025 
34. FWT 24 0.0960 0.0305 31.77  0.037-0.147 
35. RWT 24 0.0984 0.0491 49.90 0.023-0.180 
36. CL 24 0.6915 0.0377 5.45. 0.600-0.750 
37. CD 24 0.1950 0.0187 9.59 0.160-0.225 
38. MAW 24 0.2055 0.0253 12.31 0.175-0.250 
40. VD 24 0.1236 0.0304 24.60 0.074-0.181 
41. RA 24 47.15 4.04 8.56 40-54 
42. LA 24 PRE) \9/ 3.59 16.95 15-28 
43. TB 24 0.5603 0.0883 15.76 0.425-0.718 


Autozooecial apertures large, shape ovate, elongate 
proximoabaxially, width to length ratio 4:5, shape 
moderately uniform; opening oriented parallel to plane 
of obverse surface, more rarely at slight angle toward 
fenestrule; intermediate-width, well-developed peri- 
stome present, complete, continuous around aperture, 
best developed toward proximal end of zoarium. Six- 
teen to 26 (most commonly 20) small, variable-size 
stylets, well-developed and regularly positioned around 
aperture; peristome develops from fusion of these sty- 
lets during astogeny, with stylets most common at lat- 
eral and distal edges of zoarium. Slight to moderate 
extension of aperture margin into fenestrule, causing 
inflections in fenestrule outline on obverse surface. 
Centrally thickened terminal diaphragm rarely present, 
capping apertural openings in late astogeny toward 
proximal end of zoarium. 

Zoarial supports occurring infrequently, develop as 
extensions of reverse zoarial surface and from lateral 
edge of zoarium. 
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Interior description.— Branches irregularly ovate to 
irregularly elliptical in transverse section, most com- 
monly flaring on obverse surface, elongate either in 
obverse-reverse direction or parallel to zoarial surface; 
branches thick, moderately variable in depth. 

Autozooecial living chambers large, biserially ar- 
ranged in alternating rows along planar branch axial 
wall; axial wall highly sinuous near reverse wall, curv- 
ing toward sites of lateral wall emplacment connecting 
with intermediate-length lateral walls, becoming 
straight toward obverse surface. Chamber longest di- 
mension parallel to proximal and distal lateral cham- 
ber walls. Autozooecial chamber outline irregularly 
ovate to rounded triangular near reverse-wall budding- 
site; rapidly becoming irregularly pentagonal imme- 
diately toward obverse surface from reverse wall; be- 
coming a rectangle to parallelogram through mid 
chamber and most of chamber length; elliptical to ovate, 
slightly enlarged at distal end of chamber near obverse 
surface; chamber shape moderately regular. Aperture 
positioned at distal-abaxial end of chamber, connected 
to chamber by long, well-developed vestibule of vari- 
able length. Autozooecial chamber width approxi- 
mately equal to depth; depth to length ratio approxi- 
mately 3:10; length more constant than depth or width, 
all moderately constant. Superior and inferior hemi- 
septa both absent. Autozooecial chambers diverge lat- 
erally from middle of branch at variable angle (mean 
of 21°); from reverse wall at a constant angle (mean of 
47°). 

Three-dimensionally reconstructed chamber form 
an irregular rectangular or parallelogram-shaped box; 
long dimension as viewed from lateral edge of branch; 
approximately equidimensional in depth and width, 
as viewed from the distal end of branch and obverse 
surface, respectively. 

Internal granular layer thick, well-developed; con- 
tinuous with obverse nodes, stylets, keel, apertural sty- 
lets, and peristome; reverse longitudinal striae and mi- 
crostylets atop these striae; across dissepiments and in 
the middle of zoarial supports. Outer lamellar layer of 
intermediate thickness, exhibiting slight astogenetic 
thickening on both obverse and reverse exterior zoarial 
surfaces. 

Remarks.—The intermittent, “‘faint” nature of the 
keel was observed by Ulrich (1890, p. 538), and is 
moderately characteristic of B. /imitaris. Ulrich com- 
pared this species to Fenestella rudis (Ulrich, 1890), 
indicating the two species to be phylogenetically closely 
related. Interior analysis indicates pronounced differ- 
ences in chamber shape between these two species, 
with B. limitaris having a much larger chamber that is 
elongate parallel to chamber lateral walls and C. rudis 
having a smaller chamber elongate parallel to the re- 
verse wall. 

Many characteristics are common to B. /imitaris and 


the other species of the genus, B. guensburgi, n. sp., B. 
cingulata (Ulrich, 1890), and B. mediocreforma, n. sp. 
These include fusion of apertural stylets to form the 
peristome, autozooecial chamber shape and _ place- 
ment, and nodal development. Such similarities in- 
dicate probable close phylogenetic association among 
these species. 

B. limitaris is distinguished from the closest other 
species of Banastella, B. mediocreforma, by a slightly 
longer autozooecial chamber, multiple rather than sin- 
gle keel, greater reverse-wall chamber budding-angle, 
and greater number of apertural stylets. 

Exquisite preservation of specimens of this species 
makes them some of the most visually elegant to be 
found in the Warsaw. 

Material studied.—Twelve exterior fragments; three 
sectioned specimens; largest zoarial fragment 28 x 30 
mm (width to length). The robust nature of this species 
results in its frequent excellent preservation. 

Occurrence.— Banastella limitaris is restricted to the 
Upper Keokuk and Lower Warsaw in the northern part 
of the study area near Warsaw, Illinois and Keokuk, 
Iowa; it ranges as far south as Mt. Sterling, Illinois. It 
is rare, found most frequently in shaly facies. 

Lectotype of F. limitaris (herein designated)—ISGS 
(ISM) 2770. 

Hypotypes.—UI X-7015, 7027 (loc. 10, sample 31). 


Banastella biseriata (Ulrich, 1890) 
Plate 26, figures 1-10, Plate 27, figure 1; Table 24 


Polypora biseriata Ulrich, 1890, p. 592, pl. 60, figs. 4—4b [Warsaw 
Beds: Monroe County, Illinois; Warsaw, Illinois. ?St. Louis Lime- 
stone: ?Barrett’s Station, Missouri]; Keyes, 1894, p. 2a [St. Louis 
Limestone: Barrett’s Station, Missouri]; Trizna, 1958, p. 166, pl. 
46, figs. 2-4. 


Diagnosis.—Zoarium robustness intermediate, mesh 
spacing close, pattern moderately regular; branches 
moderately robust, depth thin, wide; branches straight 
to broadly curved at lateral zoarial edge; transversely 
circular to ovate, spacing close; branches joined at fair- 
ly regular intervals by thin, short dissepiments. Fe- 
nestrule size intermediate, shape irregularly elliptical 
to rarely irregularly ovate, fairly regular. Autozooecial 
apertures large, shape ovate, surrounded by interme- 
diate-width, well-developed complete peristome; two 
to four (most commonly three) apertures per fenes- 
trule. Single intermediate-width intermittent keel 
anastomosing along branch midline and curving around 
apertures; lower-end intermediate size slightly stellate 
nodes positioned atop keel. Autozooecial chamber size 
intermediate, chambers emplaced in two rows, except 
three rows occurring for moderately to extremely pro- 
nounced distances proximal to sites of branch bifur- 
cation; outline irregularly triangular to pentagonal near 
reverse wall, rapidly becoming an irregular rectangle 
to parallelogram in mid and throughout most of cham- 
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ber length, irregularly ovate to elliptical near obverse 
surface, slightly enlarged at distal end. Chamber long- 
est dimension parallel to proximal and distal lateral 
chamber walls. Aperture positioned at distal or distal- 
abaxial end of chamber, connected to chamber by short 
vestibule of variable length. Short superior hemisep- 
tum present; inferior hemiseptum absent. Lateral-wall 
budding-angle variable (mean of 22°); reverse-wall 
budding-angle constant (mean of 39°). 

Table 24 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium robustness inter- 
mediate, expansion most commonly flat, less frequent- 
ly obversely or reversely curved, fan-shaped; mesh 
spacing close; slight astogenetic thickening of both ob- 
verse and reverse lamellar skeleton; zoarial pattern 
moderately regular. Probable mature widths 18 to 25 
mm; lengths 30 to 40 mm. 

Branches moderately robust; wide, highly variable 
in width; straight, except lateral branches broadly 
curved toward edge of zoarium. Branch spacing close, 
distance between adjacent branch centers moderately 
regular. Obverse surface texture smooth; surface 
rounded except single intermediate-width, poorly de- 
veloped keel; keel intermittent, anastomosing, extend- 
ing along branch midline and curving around auto- 
zooecial apertures, causing slight positive inflection in 
obverse surface profile. Keel covered during astoge- 
netic thickening of lamellar skeleton, exhibiting slight 
increase in width; obverse branch surface becoming 
slightly granular with astogeny. Single row of well-de- 
veloped, lower-end intermediate size, slightly stellate 
nodes; node size and shape regular; nodes anastomos- 
ing, project from middle of keel; two to four per fe- 
nestrule length, most commonly one per pair of ap- 
ertures across branch, intermediately unevenly spaced; 
with astogeny, node diameter increases and nodes fre- 
quently become covered by thickened secondary la- 
mellar skeleton of keel. Reverse surface texture mod- 
erately smooth, becoming slightly granular with 
astogeny; bearing numerous rows of closely spaced lon- 
gitudinal striae atop which are positioned rows of small, 
closely spaced, variable-size microstylets. With asto- 
geny striae become more pronounced and microstylet 
diameters increase. Autozooecia arranged in two rows, 
except three rows frequently occurring for moderate to 
extremely pronounced distances proximal to sites of 
branch bifurcation; branches exhibit pronounced 
thickening proximal, thinning distal to sites of branch 
bifurcation. Heterozooecia not found in any zoaria an- 
alyzed. 

Dissepiments of thin width, slightly less than half 
branch width, width moderately variable; short, mod- 
erately variable in length; connect branches at fairly 
regular intervals. Dissepiments thin medially, flaring 


Table 24.—Summary numerical analysis of Banastella biseriata 
(Ulrich, 1890). For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.4823 0.1293 26.81 0.300-0.738 
2. DBC 24 0.6859 0.1033 15.06 0.525-0.880 
3. WD 24 0.2128 0.0489 22.98 0.144-0.312 
4. LF 24 0.7468 0.0874 11.70 0.575-0.831 
5. WE 24 0.2644 0.0638 24.13 0.175-0.356 
6. AF 24 3.00 0.60 20.10 244 
7. AL 24 0.1610 0.0093 5.78  0.144-0.178 
8. AW 24 0.1338 0.0136 10.32 0.116-0.156 
9. ADB 24 0.3239 0.0439 13.55 —-0.264-0.390 
10. AAB 24 0.2923 0.0281 9.61 0.234-0.328 
11. ABB 24 0.3869 0.0737 19.05 0.238-0.500 
12. DN 24 0.0729 0.0082 11.25. 0.058-0.088 
14. SNB 24 0.3494 0.0944 27.02  0.148-0.508 
15. WK 24 0.0617 0.0091 14.75 0.048-0.080 
18. WP 24 0.0435 0.0068 15.63 0.034-0.056 
22. RSS 24 0.0099 0.0021 21.21  0.007-0.014 
32. TRW 24 0.0103 0.0016 15.53 0.008-0.014 
33. TLW 24 0.0093 0.0018 19.35  0.007-0.012 
34. FWT 24 0.0396 0.0214 54.04  0.018-0.086 
35. RWT 24 0.0302 0.0166 54.97 0.011-0.061 
36. CL 24 0.3293 0.0102 3.10 0.311-0.347 
37. CD 24 0.2102 0.0136 16.47. 0.189-0.235 
38. MAW 24 0.1604 0.0120 7.18  0.139-0.187 
40. VD 24 0.0615 0.0132 21.46 0.042-0.094 
41. RA 24 39.0 3.01 TAS 34-44 
42. LA 24 22.00 32/7. 16.90 14-27 
43. TB 24 0.2917. 0.0614 21.05 0.204-0.395 


at branch-dissepiment contact; both obverse and re- 
verse dissepiment surfaces recessed from respective 
branch surfaces. Slight astogenetic thickening of dis- 
sepiments. Obverse dissepiment surface with one to 
four rows of longitudinal striae oriented perpendicular 
to branch length; reverse dissepiment surface with nu- 
merous rows of longitudinal striae oriented perpen- 
dicular to branch length, atop which occur small mi- 
crostylets similar in all respects to those found on branch 
reverse surface; both obverse and reverse dissepiment 
surfaces smooth, becoming slightly granular with as- 
togeny. Emplacement of dissepiments approximately 
perpendicular to branch length. Apertures open on 
proximal or distal edge, or in middle of dissepiment 
edge at branch—-dissepiment contact; most commonly 
arranged asymmetrically between branches, more rare- 
ly arranged symmetrically. 

Fenestrule size intermediate; shape irregularly ellip- 
tical to rarely irregularly ovate, moderately elongate 
proximodistally; size and shape both fairly regular; ex- 
panding in width and length in obverse-reverse direc- 
tion. Mean width of fenestrule slightly greater than half 
branch width on obverse surface, slightly greater than 
half branch width on reverse; fenestrule opening de- 
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creasing in size toward proximal end of zoarium due 
to astogenetic thickening of lamellar skeleton. Mean 
width to length ratio approximately 1:3. Two to four 
(most commonly three) apertures per fenestrule length; 
distance between closest aperture centers along branch 
slightly greater than across branch, ratio approximately 
10:9, spacing across branch appreciably less than that 
across fenestrule, ratio of approximately 7:10; spacing 
along and across branch fairly constant, much more 
regular than spacing across fenestrule, which is highly 
variable. 

Autozooecial apertures large; shape ovate, elongate 
proximodistally to proximoabaxially, width to length 
ratio approximately 4:5, size and shape highly uniform; 
opening most commonly oriented parallel to plane of 
obverse surface, less frequently at slight angle toward 
fenestrule; intermediate-width, well-developed com- 
plete peristome present; peristome width increasing 
with astogeny toward proximal end of zoarium. Ap- 
erture margin extends into fenestrule, causing pro- 
nounced inflection in fenestrule outline on obverse sur- 
face. Centrally thickened terminal diaphragms present, 
occurring toward proximal end of zoarium. 

Zoarial supports rare, develop as extensions of re- 
verse zoarial surface. 

Interior description.— Branches circular to ovate in 
transverse section, slightly flaring on obverse side, 
elongate parallel to zoarial surface. Branches shallow, 
moderately variable in depth. 

Autozooecial living chamber size intermediate, 
chambers biserially arranged in alternating rows along 
planar branch axial wall; axial wall exhibiting pro- 
nounced inflections toward and connecting with inter- 
mediate-length lateral walls near reverse wall, becom- 
ing straight in mid and shallow tangential sections. 
Chamber maximum dimension parallel to proximal 
and distal lateral chamber walls. Autozooecial cham- 
ber outline irregularly triangular to pentagonal near 
reverse-wall budding-site; rapidly becoming an irreg- 
ular rectangle to parallelogram in middle and through- 
out most of chamber length; irregularly ovate to ellip- 
tical near obverse surface, with slightly enlarged distal 
end of chamber; chamber shape highly regular. Ap- 
erture positioned at distal or distal-abaxial end of 
chamber, connected to chamber by short vestibule of 
variable length. Ratio of autozooecial chamber width 
to depth approximately 3:4; depth to length ratio ap- 
proximately 5:8; length slightly more constant than 
width or depth, all dimensions highly constant. Short 
superior hemiseptum present at proximal apertural 
edge; inferior hemiseptum absent. Autozooecial cham- 
ber diverges laterally from middle of branch at a vari- 
able angle (mean of 22°); from reverse wall at constant 
angle (mean of 39°). 


Three-dimensionally reconstructed chamber form 
an irregular rectangular box, long dimension as viewed 
from lateral edge of branch; depth, viewed from distal 
end of branch, slightly greater than width, viewed from 
obverse surface. 

Internal granular skeletal layer thin, continuous with 
obverse nodes, keel, and peristome; reverse longitu- 
dinal striae and microstylets atop these striae; across 
dissepiments and in the middle of zoarial supports. 
Outer lamellar skeleton thin, exhibiting slight astoge- 
netic thickening. 

Remarks.—This species was originally assigned to 
Polypora McCoy, 1844 by Ulrich (1890, p. 592) based 
on the presence of three rows of autozooecia “at a point 
2 or 3 mm below branch divisions,” and appearance 
similar to that of P. varsoviensis Prout, 1858a, although 
the latter species typically has ‘tone row of cells more 
to the branch, and larger fenestrules.” (Ulrich, 1890, 
p. 593) Ulrich’s inclusion in Po/ypora of a species that 
has two rows of autozooecia across the branch — tra- 
ditionally the standard criterion for placement in the 
fenestellids — seems to indicate that Ulrich was aware 
of the problem of number of apertural rows in fenes- 
tellid taxonomy. 

Banastella, a genus exhibiting characters of both the 
traditional fenestellids (7.e., two rows of autozooecia 
across branch) and polyporids (i.e., long autozooecial 
chambers having small reverse-wall budding-angles and 
three rows of autozooecia proximal to branch bifur- 
cation), apparently lies between Fenestella Lonsdale, 
1839 and Polypora. 

Banastella biseriata is herein assigned to Banastella 
because of chamber shape, low reverse-wall budding- 
angle, large aperture size, and presence of two rows of 
autozooecia along branch with three rows present for 
moderate to prolonged distances proximal to sites of 
branch bifurcation. Separation of B. biseriata from oth- 
er species of the genus is based on smaller chamber 
size, close mesh spacing, and lack of apertural stylets. 

Material studied.— Eighteen exterior fragments, three 
sectioned specimens; largest zoarial fragment 8 x 23 
mm (width to length). Little secondary skeletal alter- 
ation of this species is evident. The thin nature of the 
internal granular skeleton results in frequent mechan- 
ical crushing of this species, particularly common in 
shales. 

Occurrence.— Banastella biseriata is rare, and is re- 
stricted to the Lower Warsaw in the southern portion 
of the outcrop area near St. Louis, Missouri, and Val- 
meyer, Illinois. 

Syntypes.—ISGS(ISM) 2805 (10 fragments). 

Figured and/or measured specimens.—UI X-6742, 
6743, 6915 (loc. 11, sample 55). 
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Banastella delicata, new species 
Plate 27, figures 2-10, Plate 28, figures 1-5; Table 25 


Etymology of name.—Named for the characteristic 
delicate growth habit. 

Diagnosis.—Zoarium delicate, mesh spacing highly 
open, pattern highly irregular; branches moderately 
delicate, width intermediate, thickness medium; 
straight, sharply curved to broadly curved at zoarial 
edge in trace; transversely circular, spacing wide; 
branches joined at moderately variable intervals by 
thin, long dissepiments. Fenestrules extremely large; 
shape regularly to irregularly rectangular, variable. Au- 
tozooecial apertures large, shape ovate to rarely cir- 
cular, surrounded by thin, well-developed complete 
peristome formed from fusion of 13 to 17 small stylets 
regularly positioned around aperture; five to nine (most 
commonly seven) apertures per fenestrule. Single in- 
termediate-width continuous keel along middle of ob- 
verse branch, atop which are positioned large irregu- 
larly stellate nodes. Autozooecial chambers large, 
emplaced in two rows, except third row at sites of 
branch bifurcation; outline irregularly pentagonal near 
reverse wall, rapidly becoming an irregular rectangle 
to parallelogram in mid and throughout most of cham- 
ber, irregularly elliptical near obverse surface, slightly 
enlarged at distal end. Chamber longest dimension par- 
alleling proximodistal direction for proximal two-thirds 
of chamber, most distal third of chamber paralleling 
proximal and distal chamber lateral walls. Aperture at 
distal and slightly abaxial end of chamber, connected 
to chamber by short vestibule of variable length. Short 
superior hemiseptum present; inferior hemiseptum ab- 
sent. Lateral-wall budding-angle highly variable (mean 
of 21°); reverse-wall budding-angle variable (mean of 
22°); 

Table 25 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium delicate, expansion 
flat to slightly sinuous, lateral branches broadly curved 
toward edge of zoarium, fan-shaped; mesh highly open; 
slight astogenetic thickening of both obverse and re- 
verse lamellar skeleton; zoarial pattern highly irregular. 
Probable mature widths 20 to 40 mm, lengths 30 to 
60 mm. 

Branches moderately delicate; width intermediate, 
moderately consistent; straight or slightly curved, 
sharply curved distal to sites of branch bifurcation, 
lateral branches commonly broadly curved toward edge 
of zoarium. Branch spacing wide, distance between 
adjacent branch centers moderately regular. Obverse 
surface texture smooth, becoming slightly granular with 
astogeny; surface well rounded, except for single in- 
termediate-width, extremely well-developed keel; keel 
continuous, straight to slightly anastomosing, curving 
around autozooecial apertures, extending along branch 


Table 25.—Summary numerical analysis of Banastella delicata, 
n. sp. For explanation of abbreviations of characters (left column), 
see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.3411 0.0480 14.07  0.250-0.438 
2. DBC 24 0.9005 0.1567 17.40 0.625-1.213 
3. WD 24 0.1452 0.0259 17.84  0.105-0.200 
4. LF 24 1.8116 0.2578 14.23 1.375-2.225 
5. WF 24 0.5155 0.1308 25.37 0.325—-0.750 
6. AF 24 6.96 1.16 16.67 5-9 
7. AL 24 0.1982 0.0232 11.71 0.165-0.225 
8. AW 24 0.1578 0.0153 9.70  0.130-0.195 
9. ADB 24 0.4364 0.00352 8.07  0.388-0.525 
10. AAB 24 0.3468 0.0270 7.79 0.300-0.400 
11. ABB 24 0.5813 0.1051 18.08 0.231-0.919 
12. DN 24 0.1555 0.0374 24.05  0.100-0.250 
13. DND 24 0.0228 0.0064 27.93 0.013-0.031 
14. SNB 24 1.1900 0.2009 16.88  0.813-1.625 
15. WK 24 0.0583 0.0152 26.07 0.038-0.084 
16. DSO 24 0.0092. 0.0027 29.35 0.005-0.014 
17. SSO 24 0.1055 0.0246 13.32 0.071-0.152 
18. WP 24 0.0156 0.0045 28.85  0.010-0.025 
19. SA 24 15.21 0.97 6.41 13-17 
20. SAD 24 0.0107. 0.0039 36.45 0.004—-0.019 
22. RSS 24 0.0150 0.0043 28.67 0.011-0.028 
24. SSS 24 0.0314 0.0125 39.81  0.020-0.069 
32. TRW 24 0.0045 0.0008 17.78 0.004—0.006 
33. TLW 24 0.0047 0.0009 19.15 0.004—0.006 
34. FWT 24 0.0073 0.0217 38.07. = 0.050-0.114 
35. RWT 24 0.0602 0.0201 33.39 0.023-0.089 
36. CL 24 0.6389 0.0351 5.49 0.595-0.720 
37. CD 24 0.1699 0.0230 13.54 0.138-0.225 
38. MAW 24 0.1544 0.0162 10.49  0.130-0.200 
40. VD 24 0.0607 0.0103 16.97.  0.040-0.075 
41. RA 24 22:25 3:57 16.05 18-30 
42. LA 24 20.92 4.44 21:23 12-27 
43. TB 24 0.3564 0.0563 15.80 0.257-0.436 


midline and causing slight positive inflection on ob- 
verse surface. Keel thickens slightly with astogeny due 
to partial covering by lamellar skeleton, most common 
toward proximal end of zoarium. Single row of inter- 
mediately developed, large, irregularly stellate nodes 
present; size and shape fairly regular; nodes project 
from middle of keel; one to two per fenestrule length, 
widely, moderately evenly spaced, most frequently lo- 
cated at or near branch—dissepiment junction; with as- 
togeny, node diameters exhibit slight increase due to 
partial covering by lamellar skeleton. Small, variable- 
size stylets positioned along obverse branch surface, 
most commonly occurring atop or on lateral edge of 
keel. Reverse surface texture finely granular, coarsen- 
ing with astogeny; bearing numerous rows of closely 
spaced longitudinal striae atop which are positioned 
rows of very small, closely spaced, variable-size mi- 
crostylets. With astogeny, longitudinal striae become 
covered by lamellar skeleton and disappear, micro- 
stylets increase in size, become unevenly positioned 
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across branch surface. Autozooecia arranged in two 
rows, except third row at sites of branch bifurcation 
where middle autozooecium is evidently shared by both 
branches; branches with little or no thickening proxi- 
mal or thinning distal to sites of branch bifurcation. 
Heterozooecia not present on any zoarial fragments 
observed. 

Dissepiments of thin width, approximately two-fifths 
width of branch, width fairly regular; long, variable in 
length; connect branches at moderately variable inter- 
vals. Dissepiments barlike, exhibit slight flaring at 
branch-dissepiment contact; slightly recessed from both 
obverse and reverse surfaces. Little or slight astoge- 
netic thickening of dissepiment. Obverse dissepiment 
surface with one to three longitudinal striae across dis- 
sepiment perpendicular to direction of branch length; 
median ridge pronounced, forming elongate node-like 
projection along entire dissepiment length, continuous 
with peristome or apertural stylets where aperture oc- 
curs at middle edge of dissepiment; reverse dissepi- 
ment surface with longitudinal striae oriented perpen- 
dicular to branch length, atop which occur rows of 
small microstylets; striae covered by lamellar skeleton 
and microstylets increase in size with astogeny; obverse 
dissepiment surface texturally smooth, reverse texture 
finely granular, coarsening with astogeny. Emplace- 
ment of dissepiments oriented approximately perpen- 
dicular to branch length, although deviation from per- 
pendicular by angles of up to 15° is observed. Apertures 
open on proximal or distal edge or in middle of dis- 
sepiment edge at branch—dissepiment contact; ar- 
ranged symmetrically or asymmetrically between 
branches. 

Fenestrules extremely large; shape regularly to ir- 
regularly rectangular, highly elongate proximodistally, 
regular in length, variable in width; variable in shape; 
exhibiting little or no expansion in width or length in 
obverse-reverse direction. Width of fenestrule vari- 
able, ranging from equal to 2.5 times branch width; 
slight decrease in size of fenestrule opening toward 
proximal end of zoarium due to astogenetic thickening 
of lamellar skeleton. Width to length ratio of fenestrule 
ranging from 1:2 to 1:7, highly variable, mean ratio 
1:3.5; length of fenestrule much more constant than 
width. Five to nine (most commonly seven) apertures 
per fenestrule length; distance between closest aperture 
centers along branch five-fourths that of spacing across 
branch; spacing across branch three-fifths that across 
fenestrule; spacing along and across branch constant, 
spacing across fenestrule highly variable. 

Autozooecial apertures large, shape ovate, elongate 
proximal to slightly abaxially, to rarely circular; width 
to length ratio approximately 4:5, size and shape mod- 
erately uniform; opening most commonly oriented 
parallel to plane of obverse surface, more rarely at 


slight angle toward fenestrule; thin, well-developed 
peristome present, continuous around aperture where 
present at proximal end of zoarium. Thirteen to 17 
(most commonly 15) small, variable-size well-devel- 
oped and moderately regularly positioned stylets sur- 
round aperture; peristome develops from fusion of these 
stylets during astogeny, with stylets most commonly 
occurring at lateral and distal edges of zoarium. Ap- 
erture margin extends into fenestrule, causing slight 
inflection in fenestrule outline on obverse surface. Cen- 
trally thickened terminal diaphragms present, most 
common at proximal end of zoarium. 

Zoarial supports lacking on all zoarial fragments an- 
alyzed. 

Interior description.— Branches a nearly perfect cir- 
cle in transverse section, slightly flaring on obverse 
side. Branches medium, slightly variable in thickness. 

Autozooecial living chambers large, biserially ar- 
ranged in alternating rows along planar branch axial 
wall; axial wall straight throughout most of chamber 
except near reverse wall, where axial wall exhibits in- 
flections toward and connects with relatively long lat- 
eral walls. Chamber maximum dimension parallel to 
proximodistal direction of branch growth paralleling 
reverse wall from proximal end of chamber to near 
distal end; curving obversely two-thirds of distance up 
the chamber and becoming parallel to proximal and 
distal lateral chamber walls. Autozooecial chamber 
outline irregularly pentagonal near reverse-wall bud- 
ding-site; rapidly becoming an irregular rectangle to 
parallelogram, with distalmost edge of parallelogram 
occurring at outer branch edge, in the mid and through- 
out most of chamber; irregularly elliptical near obverse 
surface, slightly enlarged at distal end of chamber; 
chamber shape moderately regular. Aperture posi- 
tioned at distal and slightly abaxial end of chamber, 
connected to chamber by short vestibule of moderately 
variable length. Ratio of autozooecial chamber width 
to depth approximately 9:10; depth to length ratio ap- 
proximately 1:4; length much more constant than width 
or depth, which are moderately constant. Short supe- 
rior hemiseptum present at vestibular proximal edge, 
inferior hemiseptum absent. Autozooecial chambers 
diverge laterally from middle of branch at a highly 
variable angle (mean of 21°); from reverse wall at a 
variable angle (mean of 22°). 

Three-dimensionally reconstructed chamber form a 
slightly irregular rectangular box; long dimension as 
viewed from lateral edge of branch, approximately 
equidimensional in depth and width, as viewed from 
distal end of branch and obverse surface, respectively. 

Internal granular layer thin, continuous with obverse 
nodes, stylets, keel, apertural stylets, and peristome; 
reverse longitudinal striae and microstylets atop these 
striae; and across dissepiments. Outer lamellar layer 
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moderately thin, exhibiting slight astogenetic thick- 
ening toward proximal end of zoarium. 

Remarks.—In many respects, the exterior of B. de- 
licata closely resembles that of Fenestella filistriata Ul1- 
rich, 1890, described from the Burlington Limestone 
near Burlington, Iowa. The two species can be readily 
separated on the basis of exterior analysis (no interior 
views of F. filistriata were available) by the more del- 
icate nature of branches and zoaria in B. delicata, its 
larger apertures ringed by apertural stylets, and the 
presence of a more pronounced keel from which stel- 
late nodes project. Fenestella regalis Ulrich, 1890, from 
materials collected at Kings Mountain, Kentucky, also 
exhibits many characters in common with B. delicata, 
but can be readily distinguished by its much wider 
branches, almost twice those of B. delicata, and its 
extreme robustness. 

This species is distinguished from other species of 
Banastella, n. gen. by its much more open mesh, elon- 
gate nodes occurring lengthwise across the dissepiment 
obverse surface, longest chamber dimension which 
parallels the reverse wall proximally and curves toward 
the obverse surface distally, and measured chamber 
dimensions. The open, loosely knit mesh found in B. 
delicata is moderately rare in Warsaw fenestrates, with 
a closer mesh pattern more typical. 

Material studied.—Twenty-six exterior fragments, 
eight sectioned specimens; largest zoarial fragment 
11x20 mm (width to length). The delicate nature of 
this species results in infrequent preservation of un- 
crushed complete zoaria, although disarticulated frag- 
ments in various states of preservation are common. 

Occurrence.— Banastella delicata is relatively rare at 
the Valmeyer and St. Louis localities; it occurs pri- 
marily in the Lower Warsaw, where it is present in 
both limestones and shales. 

Holotype.—UI X-6793 (loc. 49B, sample 12). 

Paratypes.— UI X-6781, 6782, 6783, 6967-6970 (loc. 
49B, samples 8, 13). 


Genus CUBIFENESTELLA, new genus 


Etymology of name.—Named for the approximately 
cubic form characteristic of autozooecial chambers in 
this genus. 

Type species.— Fenestella rudis Ulrich, 1890; p. 537, 
pl. 49, figs. 3-3d [Lower Carboniferous, Valmeyeran 
Stage; Keokuk Limestone; Illinois Basin]. 

Diagnosis.—Zoarium robustness intermediate to ro- 
bust, mesh spacing intermediate to open; chamber out- 
line an irregular pentagon to rectangle in mid tangential 
section, chamber size intermediate; aperture size vari- 
able, small to large, opening at slight to pronounced 
angle toward and into fenestrule; superior and inferior 
hemisepta absent; chamber reverse-wall budding-an- 
gle varies between 64° and 81° (means). 

Three-dimensionally reconstructed chamber form a 


regular cubic to irregular rectangular box. 

Description.—Zoarium robustness intermediate to 
robust, expansion flat to obversely or reversely curved, 
mesh spacing intermediate to open, ranging from reg- 
ular to irregular. 

Branch width narrow to intermediate, straight to 
sinuous in trace with lateral branches broadly curved 
toward edge of zoarium; branch surface rounded to 
angular. Keel present, single, width intermediate to 
wide, straight to slightly anastomosing, exhibiting pro- 
nounced astogenetic thickening. Nodes present, em- 
placement monoserial, size large to intermediate, shape 
stellate, ovate to circular, located in middle of keel, 
spacing intermediate. Obverse stylets present, size in- 
termediate, occurring across obverse surface or be- 
tween nodes along keel. Microstylets present, size small 
to intermediate, occurring across obverse surface or 
between nodes along keel. Macrostylets present in some 
species, large, typically located at sites of branch-dis- 
sepiment junction. Autozooecia in two rows, third row 
at site of branch bifurcation. Heterozooecia absent. 

Dissepiments of intermediate width, length inter- 
mediate to long, connect branches at regular to variable 
intervals. 

Fenestrule size intermediate to large, shape elliptical, 
ovate, rectangular to polygonal. 

Aperture size ranging from small to large, shape 
ovate, orientation ranging from slight to pronounced 
angle toward and into fenestrule. Peristome present or 
absent, complete where present. Apertural stylets pres- 
ent, develop as extension of aperture end, fuse to form 
peristome. Terminal diaphragms present, occurring to- 
ward proximal end and throughout zoarium. 

Branch shape in cross-section ranging from ovate to 
elliptical to circular, thick to medium in depth. 

Autozooecial chamber size intermediate, chamber 
emplacement monoserial or biserial along sinuous to 
zigzagged axial wall; chamber length and depth ap- 
proximately equal. Chamber outline triangular to ovate 


Text-figure 13.—Cubifenestella rudis illustrated. 1, diagrammatic 
longitudinal section illustrating chamber outline from deep section 
near middle of branch (bottom of figure) to shallow section near 
abaxial edge of branch (top of figure) [Observe approximately equal 
length and depth of chambers typical in this genus.], = 70; 2, dia- 
grammatic tangential section showing changing chamber outline from 
deep section near reverse-wall budding-site (bottom of figure) to 
shallow section near obverse surface (top of figure), 70; 3, dia- 
grammiatic transverse section illustrating orientation of aperture 
openings to plane of obverse surface (arrow) and continuity of gran- 
ular skeleton across the dissepiment between branches, = 70; 4, re- 
construction of typical chamber shape (three-dimensional) as viewed 
from distal end of branch; chamber reconstructed is from right side 
of branch, x 140; 5, reconstruction of typical chamber shape (three- 
dimensional) as viewed from abaxial edge of branch, = 140; 6, re- 
construction of typical chamber shape (three-dimensional) as viewed 
from obverse surface; chamber reconstructed is from the right side 
of branch [Observe ovate shape of aperture (arrow), which is posi- 
tioned on distal—abaxial edge of chamber.], = 140. 
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near reverse wall; becoming irregularly pentagonal to 
rectangular in mid chamber and throughout most of 
chamber depth; pentagonal, rectangular, elliptical, 
square to ovate near obverse surface. Vestibule present, 
varying in length from short to long. Superior and 
inferior hemisepta both absent. Lateral-wall budding- 
angle ranging from 18° to 37° (means); reverse-wall 


budding-angle ranging from 64° to 81° (means). La- 
mellar skeletal layer thickness intermediate to thick, 
exhibiting moderate to pronounced astogenetic thick- 
ening; granular skeletal layer thickness intermediate to 
thick, exhibiting moderate astogenetic thickening. 

Three-dimensionally reconstructed chamber form a 
regular cubic to irregular rectangular box. 
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Text-figure 13 illustrates zoarial outlines in longi- 
tudinal, tangential, and transverse orientations, and 
three-dimensional reconstructions from distal, abaxial 
edge of branch, and obverse surfaces. 

Remarks.—Morozova (1974) assigned Fenestella 
rudis Ulrich, 1890, herein designated the type species 
of Cubifenestella, to the genus Rectifenestella Moro- 
zova, 1974. Species of Rectifenestella typically have a 
chamber form that is more cuneate, compared to the 
box-like form in Cubifenestella, they have short su- 
perior hemisepta, which are lacking in Cubifenestella, 
and they typically exhibit a much finer meshwork than 
does Cubifenestella. These factors result in removal of 
Fenestella rudis from Rectifenestella and its placement 
in a genus of its own, Cubifenestella. 

Among the fenestellids, members of Cubifenestella 
most closely resemble members of Apertostella, n. gen., 
another genus based on Warsaw specimens. Cubife- 
nestella is distinguished by a more open meshwork, a 
third apertural row at the site of branch bifurcation 
only, rather than for distances along the branch prox- 
imal to the bifurcation as is found in many species of 
Apertostella, and chambers that open at a slight to 
pronounced angle toward and into the fenestrule, as 
compared with Apertostella, which has apertures open- 
ing generally parallel to the plane of the obverse surface 
or at a slight angle toward the fenestrule. Primary dif- 
ferences in chamber form are the position and orien- 
tation of the aperture relative to the chamber (see Text- 
figs. 16-4, 17-4); and a more cubic chamber in Cubi- 
fenestella than in Apertostella. However, similarities 
in chamber shape suggest close phylogenetic affinities. 

Species composition. — Three Warsaw species are as- 
signed to the genus: C. rudis (Ulrich, 1890), C. usitata, 
n. sp., and C. globodensata, n. sp. 

Range.—Middle Mississippian (Valmeyeran), oc- 
curring in the Keokuk, Warsaw, Salem and St. Louis 
formations. 


Cubifenestella rudis (Ulrich, 1890) 
Plate 29, figures 1-11, Plate 30, figures 1-7; 
Text-figure 13; Table 26 


Fenestella rudis Ulrich, 1890, p. 537, pl. 49, figs. 3-3d [Keokuk 
Limestone, Keokuk and Bentonsport, lowa; Warsaw and Nauvoo, 
Illinois]; Keyes, 1894, p. 23, pl. 34, fig. 5 [Keokuk Limestone, St. 
Francisville, Missouri]; Cumings, 1906, p. 1277, pl. 27, figs. 3- 
3d; Koenig, 1958, p. 136, pl. 21, fig. 7, text-figs. li, 1jj, table 8; 
Trizna, 1958, p. 127, pl. 34, fig. 5; pl. 35, figs. 1-4; Elias, 1964, 
p. 377, fig. 1; pl. 2, figs. 1-3. 

Fenestella iowensis Elias, 1964, p. 378, pl. 1, fig. 2; pl. 3 [entire plate]; 
pls, figs 1: 

Fenestella rudiformis Elias, 1964, p. 379, pl. 1, fig. 3; pl. 4 [entire 
plate]; pl. 5, fig. 2. 


Diagnosis.—Zoarium extremely robust, mesh spac- 
ing intermediate, pattern moderately regular; branches 


Table 26.—Summary numerical analysis of Cubifenestella rudis 
(Ulrich, 1890). For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.3504 0.1559 44.49 0.144-0.775 
2. DBC 24 0.6671 0.1495 22.41 0.369-0.960 
3. WD 24 0.2388 0.0969 23.88 0.131-0.475 
4. LF 24 0.7455 0.1990 26.69 0.300-1.125 
5. WE 24 0.3619 0.0645 17.82 0.269-0.490 
6. AF 24 3.08 0.78 25.15 24 
7. AL 24 0.1759 0.0081 4.61  0.166-0.198 
8. AW 24 0.1435 0.0054 3.76  0.130-0.154 
9. ADB 24 0.3058 0.0221 7.23 0.266-0.355 
10. AAB 24 0.3259 0.0358 10.98  0.255-0.393 
11. ABB 24 0.4388 0.0774 17.64 0.304-0.549 
12. DN 24 0.1785 0.0560 31.37 0.102-0.300 
14. SNB 24 0.6614 0.1205 18.22 0.421-0.964 
15. WK 24 0.1815 0.0534 29.42 0.088-0.273 
16. DSO 24 0.0137. 0.0055 40.15  0.007-0.028 
17. SSO 24 0.0452. 0.0209 46.24 0.013-0.096 
18. WP 24 0.0129 0.0024 18.60 0.009-0.029 
21. RSL 24 0.0799 0.0173 21.65 0.047-0.119 
22. RSS 24 0.0131 0.0041 31.30 0.008-0.023 
23. SSE 24 0.6543 0.3238 49.49 0.313-1.313 
24. SSS 24 0.0426 0.0148 34.74 0.014-0.074 
32. TRW 24 0.0091 0.0028 30.77  0.005-0.016 
33. TLW 24 0.0089 0.0033 37.08  0.006-0.014 
34. FWT 24 0.1812 0.1077 59.44 0.066-0.447 
35. RWT 24 0.2199 0.2029 92.37  0.050-0.859 
36. CL 24 0.2832 0.0149 5.26 0.255-0.316 
37. CD 24 0.2699 0.0139 5.15  0.241-0.295 
38. MAW 24 0.1874 0.0154 8.22 0.163-0.221 
39. MIW 24 0.1298 0.0150 11.56 0.108-0.166 
40. VD 24 0.1567 0.0712 45.44  0.085-0.357 
41. RA 24 64.46 4.98 7.72 55-74 
42. LA 24 18.42 3.84 20.87 12-26 
43. TB 24 0.6899 0.0738 10.70 0.569-0.819 


robust, width intermediate, depth thick; straight to sin- 
uous, broadly curved at lateral zoarial edge; trans- 
versely ovate to elliptical, intermediately spaced and 
joined at highly variable intervals by intermediate- 
width, intermediate-length dissepiments. Fenestrule 
size upper-end intermediate; shape elliptical to ovate, 
highly variable. Autozooecial apertures large, ovate, 
elongate proximoabaxially to proximodistally; sur- 
rounded by thin, intermediately developed, complete 
peristome across which small apertural stylets project; 
two to four (most commonly three) apertures per fe- 
nestrule. Single wide, continuous keel; straight, ex- 
tending along middle of obverse branch surface, atop 
which are positioned large, slightly stellate to ovate 
nodes. Autozooecial chamber size upper-end inter- 
mediate, chambers emplaced in two rows, except third 
row at sites of branch bifurcation; outline irregularly 
triangular near reverse wall, rapidly becoming irregu- 
larly pentagonal in mid chamber, outline changing from 
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pentagonal to rectangular approaching obverse surface; 
near obverse surface irregularly ovate. Chambers elon- 
gate parallel to proximal and distal lateral chamber 
walls. Aperture at distal-abaxial end of chamber, con- 
nected to chamber by extremely long vestibule of high- 
ly variable length. Superior and inferior hemisepta both 
absent. Lateral-wall budding-angle highly variable 
(mean of 18°); reverse-wall budding-angle constant 
(mean of 64°). 

Table 26 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium extremely robust, 
expansion flat, exhibiting little or no obverse or reverse 
curvature in any zoarial fragments examined, fan- 
shaped; mesh spacing intermediate; pronounced 
astogenetic thickening of both obverse and reverse 
zoarial skeleton; external zoarial pattern moderately 
irregular. Probable mature widths 20 to 30 mm, lengths 
35 to 45 mm. 

Branches robust, width intermediate, highly vari- 
able; straight to sinuous, exhibiting slight inflections 
toward sites of dissepiment insertion, lateral branches 
commonly broadly curved toward edge of zoarium. 
Branch spacing intermediate, distance between adja- 
cent branch centers slightly irregular. Obverse surface 
texture highly granular, becoming increasingly so with 
astogeny; surface rounded, except for presence of single 
keel; keel wide, well-developed, continuous, straight 
to slightly sinuous extending along branch midline and 
causing pronounced positive inflection in obverse sur- 
face profile. Pronounced astogenetic thickening of keel; 
toward most proximal end of zoarium keel extends 
across entire obverse surface, nearly to completely cov- 
ering apertural openings, starting at most adaxial edge 
and filling in toward the abaxial direction. Nodes mono- 
serially emplaced, well-developed, extremely large, 
slightly stellate to ovate in shape, elongate proximo- 
distally; variable in both size and shape; develop as 
projections from middle of keel; one to two per fenes- 
trule length, frequently positioned at or near sites of 
branch-dissepiment junction; spacing intermediate, 
moderately even; pronounced increase of node di- 
ameter with astogeny. Intermediate, variably sized sty- 
lets irregularly positioned along obverse surface. Re- 
verse surface texture granular, coarsening with astogeny, 
bearing few rows of widely spaced longitudinal striae, 
occurring in exterior view at distal end of zoarium, 
becoming covered immediately proximal from zoarial 
distal edge due to pronounced astogenetic thickening 
of lamellar skeleton; rows of small, closely spaced mi- 
crostylets develop as extensions of longitudinal striae, 
become variably spaced across entire reverse surface 
and exhibit slight increase in diameter with astogeny. 
Large, approximately circular macrostylets, moderate- 
ly regular in size and shape and variable in placement, 


located at or near sites of branch-dissepiment junction 
on reverse surface. Autozooecia in two rows across 
branch, except third row at sites of branch bifurcation 
where middle autozooecium evidently shared by both 
branches; pronounced thickening proximal, thinning 
distal to sites of branch bifurcation. Heterozooecia ab- 
sent in all zoarial fragments observed. 

Dissepiments of intermediate width, approximately 
two-thirds that of branch, slightly variable in width; 
length intermediate, constant; connect branches at 
highly variable intervals. Dissepiments exhibit mod- 
erate medial thinning, pronounced flaring at branch— 
dissepiment junction; highly recessed from obverse 
surface, even with reverse. Pronounced astogenetic 
thickening of dissepiment toward proximal end of 
zoarium. Obverse dissepiment surface with medially 
thickened ridge atop which occur rows of small, irreg- 
ularly spaced stylets which increase in diameter with 
astogeny; reverse dissepiment surface with small sty- 
lets irregularly positioned across surface, stylet number 
and size increase with astogeny. Both obverse and re- 
verse dissepiment surfaces granular in texture, becom- 
ing increasingly so with astogeny. Dissepiment 
emplacement most commonly approximately perpen- 
dicular to branch length, more rarely at angle up to 20° 
from perpendicular to branch length. Apertures com- 
monly positioned on proximal or distal edge or in mid- 
dle of dissepiment edge at branch—-dissepiment contact; 
arranged symmetrically or asymmetrically between 
branches. 

Fenestrule size upper-end intermediate, shape ellip- 
tical to ovate, becoming increasingly ovate with as- 
togeny, elongate proximodistally; highly variable in 
size and shape; slightly expanding in width and length 
in obverse-reverse direction. Mean width of fenestrule 
slightly greater than branch width; fenestrule becoming 
appreciably smaller, at times completely closed toward 
proximal end of zoarium with astogenetic thickening 
of lamellar skeleton. Ratio of mean fenestrule width 
to length approximately 1:2; width more constant than 
length, both variable. Two to four (most commonly 
three) apertures per fenestrule length; distance between 
closest aperture centers along branch and across branch 
approximately equal, spacing of apertures across fe- 
nestrule approximately 1.5 times greater; spacing along 
branch and across branch constant, spacing across fe- 
nestrule moderately variable. 

Autozooecial apertures large, ovate, elongate prox- 
imoabaxially to proximodistally, width to length ratio 
approximately 4:5; size and shape highly uniform; 
opening most commonly oriented at slight angle to- 
ward and into fenestrule or rarely at pronounced angle 
toward and into fenestrule; thin, intermediately de- 
veloped complete peristome surrounding aperture, 
commonly with small apertural stylets projecting from 


92 PALAEONTOGRAPHICA AMERICANA, NUMBER 57 


peristome toward proximal end of zoarium, forming 
through secondary overgrown lamellar skeletal layer 
and having the same dimensions as small obverse sty- 
lets. Aperture margins extend into fenestrule, causing 
pronounced inflections in fenestrule outline on obverse 
surface. In late astogeny apertures become covered by 
centrally thickened terminal diaphragms. 

Large, well-developed zoarial supports develop as 
extensions of reverse zoarial surface and lateral edge 
of zoarium. 

Interior description.— Branches ovate to elliptical in 
transverse section, commonly slightly enlarged on ob- 
verse surface, elongate in obverse—reverse direction. 
Branches thick, regular in depth. 

Autozooecial living chamber size upper-end inter- 
mediate, chambers biserially arranged in alternating 
rows along planar branch axial wall; axial wall highly 
sinuous, exhibiting inflections toward and connecting 
with chamber lateral walls near reverse wall and 
throughout chamber; inflections become less pro- 
nounced near obverse surface. Chamber longest di- 
mension only slightly greater than depth, elongate par- 
allel to proximal and distal lateral chamber walls. 
Autozooecial chamber outline rounded, irregularly tri- 
angular near reverse wall; rapidly becoming irregularly 
pentagonal throughout most of chamber length, outline 
changing from pentagonal to rectangular approaching 
obverse surface; near obverse surface chambers irreg- 
ularly ovate; chamber shape highly uniform. Aperture 
positioned at distal-abaxial end of chamber, connected 
to chamber by extremely long, well-developed, highly 
variable-length vestibule. Ratio of autozooecial cham- 
ber minimum width to maximum width approxi- 
mately 7:10; maximum width to depth ratio about 
7:10; dimensions of depth to length of chamber ap- 
proximately equal, length only very slightly greater than 
depth; chamber length and depth highly constant, max- 
imum and minimum widths moderately constant. Su- 
perior and inferior hemisepta both absent. Autozooe- 
cial chambers diverge laterally from middle of branch 
at highly variable angle (mean of 18°); from reverse 
wall at a constant angle (mean of 64°). 

Three-dimensionally reconstructed chamber form a 
regular box; approximately equidimensional in length 
and depth as viewed from lateral edge and distal end 
of branch respectively; width as viewed from obverse 
surface moderately less than length or depth. 

Internal granular skeletal layer thick, well-devel- 
oped; continuous with obverse nodes, stylets, keel, per- 
istome; reverse longitudinal striae, microstylets and 
macrostylets; across dissepiments and in the middle 
of zoarial supports. Outer lamellar layer extremely 
thick, exhibiting pronounced astogenetic thickening on 
both obverse and reverse exterior zoarial surfaces. 

Remarks.—Fenestella rudis Ulrich, 1890 was first 


described from the Keokuk Limestone and Warsaw 
Beds near Keokuk, Iowa, and Warsaw, Illinois. Ulrich 
(1890, p. 537) noted marked variation within this spe- 
cies, caused in his opinion by varying ‘tage and state 
of preservation.”” Based on my observations, astoge- 
netic variability of exterior appearance is greater than 
in most other fenestellids. 

The assignment of Ulrich’s syntypes of Fenestella 
rudis into two species, Fenestella iowensis Elias, 1964, 
and Fenestella rudiformis Elias, 1964, is not justified 
by internal analyses. Interior and exterior dimensions 
for both F. iowensis and F. rudiformis are within the 
observed range for C. rudis, and I therefore place these 
species in synonymy with C. rudis. 

Characteristic astogenetic thickening, chamber shape, 
presence of apertural stylets, mesh pattern, and aper- 
ture orientation are similar in C. rudis, C. usitata, and 
C. globodensata, suggesting close taxonomic affinities. 
Variability of mesh symmetry due to astogenetic thick- 
ening makes recognition of C. rudis heavily dependent 
on use of internal characteristics such as autozooecial 
chamber dimensions and reverse-wall budding-angle. 
C. rudis is distinguished from other species of Cubi- 


fenestella by a finer mesh, larger autozooecial chamber, 


and thicker branches. 

Material studied.—Fourty-four exterior fragments, 
14 sectioned specimens; largest zoarial fragment 32 x 26 
mm (width to length). Microstructural and whole spec- 
imen preservation is good to excellent in all material 
collected. 

Occurrence.—Cubifenestella rudis is common 
throughout the Warsaw Formation: it is also reported 
from the Keokuk and Salem formations in the study 
area. Observation suggests the zoarial mesh is more 
open in shaly facies, and becomes coarser with thicker 
branches in calcarenitic facies; internal characters re- 
main the same regardless of exterior mesh variation. 

Syntypes.—ISGS(ISM) 2745-1, 2776-1/2; USNM 
43759. One specimen is illustrated in Ulrich (1890, pl. 
49, figs. 3, 3a, 3b, 3c, 3d): 

Figured and/or measured specimens.—UI X-6718, 
6744, 6752, 6754 (loc. 10, samples 28, 31), 6900-6903, 
6753, 6755-6758 (loc. 49B, samples 8, 12, 13). 


Cubifenestella usitata, new species 
Plate 31, figures 1-12, Plate 32, figures 1-6; Table 27 


Etymology of name.—Named for the lack of dis- 
tinctive distinguishing characteristics in exterior view, 
this species exhibits a typical fenestellid fan shape. 

Diagnosis.—Zoarium robustness intermediate, mesh 
intermediate, pattern moderately regular; branch ro- 
bustness and width intermediate, branches thick in 
depth; branches straight to broadly curved; transverse- 
ly ovate to approaching circular, spacing intermediate, 
branches joined at regular intervals by intermediate 
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Table 27.—Summary numerical analysis of Cubifenestella usitata, 
n. sp. For explanation of abbreviations of characters (left column), 
see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.3189 0.0816 25.59 0.219-0.500 
2. DBC 24 0.6244 0.1149 18.40 0.403-0.853 
3. WD 24 0.2018 0.0288 14.27  0.150-0.263 
4. LF 24 0.8459 0.0743 8.78  0.673-0.973 
5. WE 24 0.3199 0.0765 23.91 0.167-0.463 
6. AF 24 3.96 0.46 173 3-5 
7. AL 24 0.1434 0.0066 4.60 0.125-0.155 
8. AW 24 0.1043 0.0086 8.25 0.088-0.128 
9. ADB 24 0.2715 0.0184 6.78 0.243-0.313 
10. AAB 24 0.2624 0.0339 12.92 0.203-0.337 
11. ABB 24 0.4178 0.0990 23.70 0.223-0.565 
12. DN 24 0.1456 0.0243 16.69 0.101-0.203 
14. SNB 24 0.7747 0.1611 20.80 0.413-1.150 
15. WK 24 0.1177. 0.0377 32.03 0.071-0.200 
16. DSO 24 0.0119 0.0028 23.53 0.008-0.019 
17. SSO 24 0.0524 0.0131 25.00 0.026-0.088 
19. SA 24 8.58 0.88 10.26 7-11 
20. SAD 24 0.0110 0.0019 17.36 0.008-0.013 
22. RSS 24 0.0189 0.0032 16.85 0.034—0.026 
24. SSS 24 0.0571 0.0130 22.77 0.033-0.091 
32. TRW 24 0.0085 0.0013 15.70 0.006-0.011 
33. TLW 24 0.0111 0.0017 15.56 0.008-0.014 
34. FWT 24 0.0838 0.0388 46.28 0.026-0.166 
35. RWT 24 0.0720 0.0304 42.24 0.014-0.123 
36; (GL 24 0.2454 0.0100 4.07 0.221-0.264 
37. CD 24 0.1834 0.0123 6.71  0.160-0.209 
38. MAW 24 0.1450 0.0174 12.00  0.116-0.184 
39. MIW 24 0.0868 0.0123 14.17 0.068-0.121 
40. VD 24 0.0505 0.0190 37.77 0.030-0.082 
41. RA 24 67.87 4.87 Tes 58-77 
42. LA 24 37.29 5.43 14.57 28-49 
43. TB 24 0.4117. 0.0798 19.38 0.294-0.596 


width and length dissepiments. Fenestrule size inter- 
mediate, shape elliptical to approaching rectangular, 
highly regular. Autozooecial aperture size intermedi- 
ate, shape ovate, elongate proximodistally; surrounded 
by seven to 11 (mean of nine) small stylets; three to 
five (most commonly four) apertures per fenestrule. 
Single intermediate-width, continuous keel; straight, 
extending along middle of obverse branch surface, atop 
which are positioned large, circular to ovate nodes. 
Autozooecial chamber size intermediate, emplaced in 
two rows, except third row at sites of branch bifurca- 
tion; outline irregular—-ovate to rounded-triangle near 
reverse wall, rapidly becoming irregularly pentagonal 
throughout chamber, shape becoming increasingly 
rectangular toward obverse surface; near obverse sur- 
face chamber rectangular to elliptical, nearest obverse 
surface chamber approximately square. Chambers 
elongate parallel to proximal and distal lateral chamber 
walls. Aperture at distal and highly abaxial edge of 
chamber, connected to chamber by short, variable- 


length vestibule. Superior and inferior hemisepta ab- 
sent. Lateral-wall budding-angle moderately variable 
(mean of 37°); reverse-wall budding-angle constant 
(mean of 68°). 

Table 27 presents statistical criteria used in species 
delimitation. 

Exterior description.—Zoarium robustness inter- 
mediate, expansion flat, planar to slightly obversely 
curved, fan-shaped; mesh spacing intermediate; mod- 
erate astogenetic thickening of both obverse and re- 
verse zoarial lamellar skeleton; external zoarial pattern 
moderately regular. Probable mature widths 20 to 35 
mm, lengths 35 to 50 mm. 

Branch robustness intermediate; width intermedi- 
ate, variable; straight in trace, lateral branches fre- 
quently broadly curved toward edge of zoarium. Branch 
spacing intermediate, distance between adjacent branch 
centers moderately regular. Obverse surface texture 
granular, becoming increasingly so with astogeny, sur- 
face profile angular to slightly rounded; except for pres- 
ence of single keel of intermediate width, extremely 
well-developed, continuous, straight, positioned along 
branch midline causing pronounced positive inflection 
in obverse surface profile. Pronounced astogenetic 
thickening of keel, which develops to extend across 
entire obverse surface between apertures and frequent- 
ly covers most adaxial edge of aperture. Nodes em- 
placed in single row, extremely well-developed, large; 
shape circular to ovate, elongate proximodistally when 
ovate; size and shape moderately regular; one to two 
nodes per fenestrule length, frequently positioned at or 
near sites of branch-dissepiment junction; node spac- 
ing upper-end intermediate, moderately even; diam- 
eter increasing with astogeny. Intermediate-size stylets, 
variable in size and positioning, located across obverse 
branch surface, increasing in number and diameter with 
astogeny. Reverse surface texture granular, coarsening 
with astogeny; bearing relatively few rows of inter- 
mediately spaced longitudinal striae which become 
covered by astogenetic thickening of lamellar skeleton; 
rows of closely spaced intermediate-size microstylets 
atop striae along reverse surface, microstylet size mod- 
erately regular; with astogeny microstylets increase in 
diameter and become more irregularly positioned across 
reverse branch surface. Two rows of autozooecia across 
branch, except third row at sites of branch bifurcation 
where middle autozooecium evidently shared by both 
branches; moderate to pronounced thickening of 
branches proximal, thinning distal to sites of branch 
bifurcation. Heterozooecia not present in any zoarial 
fragments examined. 

Dissepiments of intermediate width, approximately 
two-thirds that of branch; constant in width; length 
intermediate, moderately variable; connect branches 
at regular intervals. Dissepiments barlike, exhibiting 
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slight medial thinning and moderate flaring at branch— 
dissepiment contact; highly recessed from obverse sur- 
face, moderately recessed from reverse. Moderate to 
pronounced astogenetic thickening toward proximal 
end of zoarium. Obverse dissepiment surface with 
thickened barlike expansion positioned longitudinally 
across dissepiment and oriented approximately per- 
pendicular to branch length; small, irregularly spaced 
stylets occurring across obverse dissepiment surface; 
reverse surface with longitudinal striae oriented per- 
pendicular to branch length, atop which occur rows of 
small to intermediate-size stylets; both obverse and 
reverse dissepiment surfaces granular, becoming in- 
creasingly so with astogeny. Dissepiments most com- 
monly emplaced approximately perpendicular to 
branch length. Apertures commonly open on proximal 
or distal edge or in middle of dissepiment edge at 
branch—-dissepiment contact; arranged symmetrically 
or asymmetrically between branches. 


Fenestrule size intermediate, shape elliptical to ap- 
proaching rectangular, elongate proximodistally; high- 
ly regular in shape, overall size variable; exhibiting 
little or no expansion in length and width in obverse— 
reverse direction. Mean width of fenestrule approxi- 
mately equal to branch width; fenestrule opening be- 
coming moderately to appreciably smaller toward 
proximal end of zoarium with astogenetic thickening 
of lamellar skeleton. Ratio of mean fenestrule width 
to length approximately 3:8; length constant, much 
more so than width, which is highly variable. Three 
to five (most commonly four) apertures per fenestrule 
length; distance between closest aperture centers along 
branch and across branch approximately equal, spac- 
ing of apertures across fenestrule 1.6 times greater: 
spacing along branch and across branch constant, spac- 
ing across fenestrule moderately variable. 


Autozooecial aperture size intermediate, shape ovate, 
elongate proximodistally and slightly enlarged at distal 
end; aperture opening oriented approximately 45° into 
fenestrule from parallel to plane of obverse surface, 
rarely approaching parallel to plane of obverse surface; 
peristome lacking. Seven to 11 (mean of nine) small 
stylets fairly constant in size and moderately variable 
in number, surround aperture; stylet diameter exhib- 
iting slight increase in diameter with astogeny. Aper- 
tures even with branch surface, causing no inflections 
in fenestrule outline. Centrally thickened terminal di- 
aphragms frequently occurring at most proximal end 
of zoarium, less frequently distally. 


Well-developed zoarial supports present as exten- 
sions of reverse zoarial surface. 


Interior description.—Branches ovate to approach- 
ing circular in transverse view, moderately symmet- 
rical, elongate in obverse-reverse direction. Branches 
thick, variable in depth. 


Autozooecial living chambers of intermediate size, 
monoserially emplaced at or near reverse-wall bud- 
ding-site, become biserially arranged in alternating rows 
along a planar branch axial wall; axial wall sinuous, 
exhibiting pronounced inflections toward and con- 
necting with chamber lateral walls near reverse surface 
and throughout most of chamber length, toward ob- 
verse surface sinuous nature is reduced and axial wall 
becomes nearly straight. Chamber longest dimension 
parallel to proximal and distal lateral chamber walls. 
Autozooecial chamber outline irregular ovate to 
rounded triangle near reverse wall; rapidly becoming 
irregularly pentagonal throughout most of chamber 
length, with outline becoming increasingly rectangular 
toward obverse surface; approaching obverse surface 
chamber outline rectangular to elliptical, nearest ob- 
verse surface chamber approximately square; chamber 
shape highly uniform. Aperture positioned at distal 
and highly abaxial edge of chamber, connected to 
chamber by short, intermediately developed variable- 
length vestibule. Ratio of autozooecial chamber min- 
imum width to maximum width approximately 3:5; 
maximum width to depth ratio about 4:5; ratio of depth 
to length of chamber approximately 3:4; chamber length 
and depth highly constant, minimum and maximum 
widths slightly variable. Superior and inferior hemi- 
septa both lacking. Autozooecial chambers diverge lat- 
erally from middle of branch at moderately variable 
angle (mean of 37°); from reverse wall at a constant 
angle (mean of 68°). 

Three-dimensionally reconstructed chamber form a 
rectangular irregular box; length as viewed from lateral 
edge of branch; depth as viewed from distal end of 
branch; width as viewed from obverse surface. 

Internal granular skeletal layer width intermediate, 
continuous with obverse nodes, stylets, keel, and ap- 
ertural stylets; reverse striae and stylets; across dissep- 
iments and in the middle of zoarial supports. Moderate 
to pronounced thickening of lamellar skeleton toward 
proximal end of zoarium with astogeny. 

Remarks.— Differentiation between C. usitata, n. sp. 
and C. globodensata, n. sp. based on exterior charac- 
teristics is difficult due to similarity in mesh pattern, 
astogenetic thickening, aperture orientation, and pres- 
ence of apertural stylets. C. usitata differs from C. glo- 
bodensata by its larger chamber size, more widely 
spaced obverse nodes, wide branches, and more closely 
spaced mesh. Pronounced differences in positioning of 
the chamber relative to the branch exist between the 
two species as well. Internal similarity to C. rudis (UI- 
rich, 1890) suggests strong affinities among the three 
species; differences include chamber dimensions and 
general mesh symmetry. 

C. usitata exhibits slight similarity in exterior ap- 
pearance with Fenestella funicula Ulrich, 1890. It dif- 
fers in having narrower branches, tighter mesh, and 
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Table 28.—Summary numerical analysis of Cubifenestella globo- 
densata, n. sp. For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 


of 
mea- coeffi- 
sure- standard cient of observed 
ments mean deviation variation range 
1. WB 24 0.2777. 0.0601 21.64  0.188-0.407 
2. DBC 24 0.7034 0.1873 26.63 =0.400-1.133 
3. WD 24 0.2110 0.0676 32.04 0.102-0.367 
4. LF 24 0.9753 0.1664 17.06 0.667-1.267 
5. WF 24 0.4104 0.1400 34.11 0.222-0.760 
6. AF 24 4.25 0.85 19.93 3-6 
7. AL 24 0.0835 0.0075 8.98 0.069-0.100 
8. AW 24 0.0671 0.0061 9.03 0.057-0.083 
9. ADB 24 0.2799 0.0269 9.61  0.238-0.340 
10. AAB 24 0.2946 0.0293 9.95 0.247-0.343 
11. ABB 24 0.5333 0.0964 =18.08 — 0.313-0.903 
12. DN 24 0.1247 0.0336 26.94 0.072-0.213 
14. SNB 24 0.4451 0.0956 21.48  0.214—0.600 
15. WK 24 0.1277 0.0429 33.59 0.067-0.216 
16. DSO 24 0.0188 0.0041 34.75  0.006-0.023 
17. SSO 24 0.0534 0.0165 30.90  0.021-0.089 
18. WP 24 0.0211 0.0051 24.17  0.015-0.039 
19. SA 24 16.28 3155 21.81 14-22 
20. SAD 24 0.0107. 0.0045 42.06  0.007-0.017 
22. RSS 24 0.0249 0.0065 26.10 0.016-0.043 
24. SSS 24 0.0529 0.0168 31.76 0.027-0.096 
32. TRW 24 0.0069 0.0010 13.91 0.006-0.009 
33. TLW 24 0.0107. 0.0013 12.06 0.008-0.013 
34. FWT 24 0.0592 0.0337 56.93 0.015-0.150 
35. RWT 24 0.0988 0.0507 51.32  0.017-0.200 
36. CL 24 0.2133 0.0083 3.89 0.199-0.229 
37. CD 24 0.1546 0.0071 4.59  0.143-0.169 
38. MAW 24 0.1288 0.0129 10.02. 0.112-0.154 
39. MIW 24 0.0415 0.0143 34.46 0.016-0.068 
40. VD 24 0.0757 0.0212 38.01 0.048-0.110 
41. RA 24 81.04 7.67 9.46 69-94 
42. LA 24 33.96 6.13 18.04 20-44 
43. TB 24 0.3238 0.0364 11.24 0.265-0.371 


more pronounced orientation of aperture opening into 
fenestrule opening than was reported and observed by 
Ulrich in F. funicula. 

Material studied.—Twenty-two exterior fragments; 
seven sectioned specimens; largest zoarial fragment 
27x38 mm (width to length). Excellent microstruc- 
tural and whole specimen preservation is observed in 
all material collected. 

Occurrence.— Cubifenestella usitata 1s common at 
the Valmeyer, St. Louis and associated localities in the 
southern part of study area. It occurs throughout the 
Warsaw Formation, and is equally common in lime- 
stones and shales. 

Holotype.—UI X-6709 (loc. 49B, sample 12). 

Paratypes.— UI X-6704, 6708, 6712 (loc. 49B, sam- 
ples 12, 13, 15), 6723, 6831 (loc. 10, samples 24, 29), 
6869 (loc. 47A, sample 27). 


Cubifenestella globodensata, new species 
Plate 33, figures 1-11, Plate 34, figures 1-6; Table 28 


Etymology of name.—Named for the globularly 
thickened obverse surface, resulting from overgrowth 
of the keel and obverse surface by the external lamellar 
skeletal layer, resulting in infilling of apertural openings 
during astogeny. 


Diagnosis.—Zoarium robustness intermediate, mesh 
open, pattern highly variable; branches moderately ro- 
bust, width thin, depth intermediate; straight to anas- 
tomosing to broadly curved; branches transversely cir- 
cular to irregularly ovate, widely spaced; branches 
joined at variable intervals by intermediate-width, long 
dissepiments. Fenestrules large; shape elliptical, irreg- 
ularly polygonal to ovoid, moderately irregular. Au- 
tozooecial apertures small, shape ovate, elongate prox- 
imodistally, surrounded by moderately well-developed, 
thin, complete peristome formed from fusion of 14 to 
22 small stylets irregularly positioned around aperture; 
three to six (most comonly four) apertures per fenes- 
trule. Single intermediate-width, continuous keel along 
middle of obverse branch, atop which are positioned 
lower-end large, irregularly ovate to slightly stellate 
nodes. Autozooecial chamber size lower-end inter- 
mediate, emplaced in two rows, except third row at 
sites of branch bifurcation; outline irregularly ovate to 
rounded triangular near reverse wall, rapidly becoming 
irregularly pentagonal throughout most of chamber 
depth, outline irregularly elliptical near obverse sur- 
face, slightly enlarged at distal end. Chamber longest 
dimension parallel to reverse wall in proximodistal 
direction. Aperture positioned at distal-abaxial end of 
chamber, connected to chamber by intermediate, vari- 
able-length vestibule. Superior and inferior hemisepta 
both absent. Lateral-wall budding-angle variable (mean 
of 34°); reverse-wall budding-angle moderately con- 
stant (mean of 81°). 

Table 28 presents statistical criteria used in delim- 
iting this species. 


Exterior description.—Zoarium robustness inter- 
mediate, expansion flat, planar to rarely slightly ob- 
versely or reversely curved, fan-shaped; mesh spacing 
open; pronounced astogenetic thickening of both ob- 
verse and reverse zoarial lamellar skeleton, external 
zoarial pattern highly variable within and between 
zoaria. Probable mature widths 25 to 35 mm, lengths 
35 to 60 mm. 

Branches moderately robust; thin, variable in width; 
straight to slightly anastomosing toward sites of dis- 
sepiment emplacement, lateral branches frequently 
broadly curved toward edge of zoarium. Branches 
widely spaced, distance between adjacent branch cen- 
ters moderately irregular. Obverse surface texture 
granular, becoming increasingly so with astogeny, sur- 
face rounded, except for presence of single, moderately 
well-developed positive inflection in obverse surface 
profile. Pronounced thickening of keel occurs with as- 
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togeny; keel forming a ropy expansion across most of 
obverse surface toward proximal end of zoarium, fre- 
quently extending over adaxial edge of aperture to 
completely overgrow aperture; lamellar skeleton cov- 
ering much of keel with astogeny. Nodes emplaced in 
single row, well-developed, size lower-end large; irreg- 
ularly ovate to slightly stellate in shape, elongate prox- 
imodistally; size and shape both highly variable; one 
to five nodes per fenestrule length; spacing interme- 
diate, moderately evenly spaced; diameter greatly in- 
creasing with astogeny. Intermediate-size stylets, vari- 
able in size, typically variably positioned in rows, 
located along obverse surface between nodes; increas- 
ing in diameter and number with astogeny. Reverse 
surface texture granular, coarsening with astogeny; 
bearing few rows of widely spaced longitudinal striae; 
with astogeny striae covered by thickening of lamellar 
skeleton, most prominent toward proximal end of 
zoarium; rows of intermediate size microstylets, close- 
ly spaced, located atop striae along reverse surface, 
microstylet size moderately variable; with astogeny 
microstylets greatly increase in diameter and become 
more irregularly positioned across reverse branch sur- 
face. Autozooecia in two rows across branch, except 
third row at sites of branch bifurcation where middle 
autozooecium evidently shared by both branches; slight 
to moderate thickening of branches proximal, thinning 
distal to site of branch bifurcation. Heterozooecia not 
present in any zoarial fragments examined. 

Dissepiments of intermediate width, approximately 
three-fourths that of branch; highly variable in width; 
dissepiments long, highly variable in length; connect 
branches at variable intervals. Dissepiments moder- 
ately barlike, exhibiting slight medial thinning and in- 
termediate flaring at branch—dissepiment contact; 
moderately recessed from obverse, approximately even 
with reverse surface. Moderate to pronounced asto- 
genetic thickening, most pronounced toward proximal 
end of zoarium. Obverse dissepiment surface with two 
to four thickened barlike expansions oriented longi- 
tudinally across dissepiment and emplaced perpendic- 
ular to branch length; small, irregularly spaced stylets 
occurring in rows atop striae; reverse dissepiment sur- 
face with two to four thickened barlike expanions, ori- 
ented perpendicular to branch length, atop which are 
positioned rows of small to intermediate-size stylets; 
both obverse and reverse dissepiment surfaces granular 
in texture, coarsening with astogeny. Dissepiments 
typically emplaced perpendicular to branch length, 
more rarely at a small angle from perpendicular. Ap- 
ertures commonly open on proximal or distal edge, 
more rarely in middle of dissepiment edge at branch— 
dissepiment contact; arranged symmetrically or asym- 
metrically between branches. 

Fenestrules large, typically elliptical, but also asym- 


metrically polygonal to ovoid in shape, elongate prox- 
imodistally; moderately irregular in shape, overall size 
variable; exhibiting no change in size or shape of open- 
ing from obverse to reverse surface. Mean width of 
fenestrule 1.5 times that of branch; fenestrule opening 
exhibiting slight decrease in size toward proximal end 
of zoarium due to astogenetic thickening of lamellar 
skeleton. Ratio of mean fenestrule width to length ap- 
proximately 2:5; length moderately constant, much 
more so than width, which is highly variable. Three 
to six (most commonly four) apertures per fenestrule 
length; distance between closest aperture centers along 
branch and across branch approximately equal, spac- 
ing of aperture centers across fenestrule approximately 
three times greater; spacing along branch and across 
branch moderately constant, spacing across fenestrule 
variable. 

Autozooecial apertures small, shape ovate, elongate 
proximodistally and slightly enlarged at distal end; ap- 
erture openings typically at a moderate to pronounced 
angle into fenestrule, rarely parallel to plane of obverse 
surface; thin, moderately well-developed complete 
peristome present. Fourteen to 22 (most commonly 
16) small, variable-size, moderately well-developed and 
irregularly positioned stylets surround aperture; peri- 
stome develops from fusion of these stylets during as- 
togeny, with stylets most common at lateral and distal 
edges of zoarium. Aperture margins extend into fe- 
nestrule, causing very slight inflections in fenestrule 
outline on obverse surface. In late astogeny apertures 
frequently capped by centrally thickened terminal di- 
aphragms. 

Well-developed zoarial supports present as exten- 
sions of reverse zoarial surface and lateral edge of zoar- 
ium. 

Interior description.— Branches circular to irregular- 
ly ovate in transverse view, moderately symmetrical, 
elongate either parallel to plane of zoarium or in ob- 
verse-reverse direction. Branches intermediate, mod- 
erately regular in thickness. 

Autozooecial living chamber size lower-end inter- 
mediate, chambers monoserially emplaced at or near 
reverse-wall budding-site, rapidly becoming biserially 
arranged toward obverse surface along planar branch 
axial wall; axial wall forming zigzag pattern, extending 
diagonally across entire branch and forming chamber 
lateral walls; inflections reduced in mid chamber, axial 
wall connecting with short lateral walls; inflections fur- 
ther reduced near obverse surface. Chamber longest 
dimension parallel to reverse wall in proximodistal 
direction. Autozooecial chamber outline irregularly 
ovate to rounded triangular near reverse wall; rapidly 
becoming irregularly pentagonal throughout most of 
chamber depth; outline irregularly elliptical near ob- 
verse surface, slightly enlarged at distal-abaxial end of 
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chamber; chamber shape moderately uniform. Aper- 
tures positioned at distal-abaxial edge of chamber, con- 
nect to chamber by well-developed, intermediate-length 
vestibules; vestibules variable in length. Ratio of au- 
tozooecial chamber minimum width to maximum 
width approximately 1:3; maximum width to depth 
ratio about 5:6; ratio of depth to length of chamber 
approximately 5:7; chamber length and depth highly 
constant, maximum width slightly variable and min- 
imum width highly variable. Superior and inferior 
hemisepta both absent. Autozooecial chamber diverg- 
es laterally from middle of branch at a variable angle 
(mean of 34°); from reverse wall at a moderately con- 
stant angle (mean of 81°). 

Three-dimensionally reconstructed chamber form 
an irregular slightly rectangular box, length as viewed 
from lateral edge of branch; depth as viewed from 
distal end of branch, width as viewed from obverse 
surface. 

Internal granular skeletal layer thick, exhibiting pro- 
nounced astogenetic thickening resulting in partial to 
complete infilling of autozooecial chambers toward 
most proximal end of zoarium; granular skeletal layer 
continuous with obverse nodes, stylets, keel, peri- 
stome, and apertural stylets; reverse striae and mi- 
crostylets; across dissepiments including dissepiment 
longitudinal striae and stylets, and in the middle of 
zoarial supports. Pronounced thickening of lamellar 
skeleton, moderate thickening of granular skeleton with 
astogeny. 

Remarks.—The initial monoserial chamber em- 
placement in Cubifenestella globodensata, n. sp. is sim- 
ilar to that found in species of Minilya Crockford, 1944 
(e.g., M. sivonella, n. sp.); however, all other internal 
chamber and most external characters closely match 
those found in species of Cubifenestella, n. gen. Marked 
similarities in appearance between C. globodensata and 
C. usitata, n. sp. suggest close phylogenetic affinity. 
Smaller chamber and aperture size, and highly variable 
nature of node placement and mesh pattern of C. g/o- 
bodensata allow ready separation of this species from 
C. usitata, the most similar congeneric species. Sole 
reliance on external characters and mesh patterns for 
differentiation of these two species is not effective be- 
cause of their overlapping external dimensions and 
similarity in external characters. 

Cubifenestella globodensata moderately closely re- 
sembles Fenestella compressa Ulrich, 1890 from Kings 
Mountain, Kentucky in its large fenestrules, small and 
widely separated apertures, numerous nodes on a well- 
developed keel, and apertures facing into the fenes- 
trule. It is clearly separated by its much narrower 
branches, more closely spaced apertures, and finer 
mesh. Internal sections of F. compressa would be ben- 
eficial in species comparison, but were unavailable. 


Material studied.—Thirty-four exterior fragments; 
26 sectioned specimens; largest zoarial fragment 20 x 36 
mm (width to length). Excellent microstructural and 
whole specimen preservation is observed in most ma- 
terial collected. 

Occurrence.—Cubifenestella globodensata is com- 
mon at the Valmeyer, St. Louis, and associated local- 
ities in the southern part of the study area, south of 
White Hall. It occurs throughout the Warsaw and into 
the Lower Salem Formation at these localities, and is 
equally abundant in both limestones and shales. 

Holotype.—UI X-6702 (loc. 49B, sample 15). 

Paratypes.—UI X-6819-6830, 6705-6707, 6710, 
6711, 6715, 6713, 6714 (loc. 49B, samples 13, 15, 16), 
6703, 6700, 6701 (loc. 47A, samples 32, 35), 6750, 
6751 (loc. 20, sample 10). 


Genus APERTOSTELLA, new genus 


Etymology of name.—Named for the distinctive, ir- 
regularly ovate, intermediate-size apertures character- 
istic of the genus. 

Type species.— Apertostella crassata, n. sp. 

Diagnosis.—Zoarium robustness ranging from del- 
icate to robust, mesh spacing close to intermediate; 
chamber outline irregularly pentagonal, rectangular to 
elliptical in mid tangential section, chamber size in- 
termediate; aperture size intermediate, opening typi- 
cally oriented parallel to plane of obverse surface or 
infrequently at slight angle toward fenestrule, superior 
and inferior hemisepta absent, chamber reverse-wall 
budding-angle varies between 67° and 69° (means). 

Three-dimensionally reconstructed chamber form a 
rectangular box. 

Description.—Zoarium robustness variable, ranging 
from delicate to robust, expansion flat, undulating to 
slightly obversely curved, mesh spacing close to inter- 
mediate, regular. 

Branch width intermediate to wide, straight to sin- 
uous in trace with lateral branches curved toward edge 
of zoarium; branch surface ranging from flat, slightly 
concave, angular to slightly rounded. Keel present, sin- 
gle, width narrow to intermediate, straight to slightly 
anastomosing, slightly thickening with astogeny and 
frequently covered by lamellar skeleton. Nodes pres- 
ent, emplacement monoserial, size intermediate to 
large, shape ovate to circular, located atop middle of 
keel, spacing intermediate to wide. Obverse stylets 
present or absent; where present, size large, occurring 
across obverse surface. Microstylets present, ranging 
in size from small to large, emplaced in rows, becoming 
variably placed with astogeny. Macrostylets present in 
some species, large, typically located at site of branch— 
dissepiment junction. Autozooecia in two rows, third 
row at sites of branch bifurcation or three rows for 
distance along branch proximal to branch bifurcation. 
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Heterozooecia absent. 

Dissepiments of thin to intermediate width, length 
short to intermediate, connect branches at regular in- 
tervals. 

Fenestrule size variable, ranging from small to large, 
shape rectangular to elliptical to ovate. 

Aperture size intermediate, shape ovate, oriented 
parallel to plane of obverse surface or infrequently at 
slight angle toward fenestrule. Peristome present, com- 
plete; apertural stylets either present or absent, develop 
as extension of peristomal edge; terminal diaphragms 
present, primarily occurring toward proximal end of 
zoarium. 

Branch shape in cross-section ranging from polyg- 
onal to ovate to elliptical, medium to deep in thickness. 

Autozooecial chamber size intermediate, chambers 
biserially emplaced along sinuous to zigzagged axial 
wall; maximum chamber dimension (length) extending 
proximodistally, parallel to reverse wall. Chamber out- 
line triangular, polygonal to irregularly pentagonal near 
reverse wall; becoming irregularly pentagonal, rect- 
angular to elliptical in mid chamber and throughout 
most of chamber depth; irregularly elliptical to ovate 
near obverse surface. Vestibule present, ranging in 
length from short to intermediate. Superior and infe- 
rior hemisepta both absent. Lateral-wall budding-angle 
ranging from 22° to 25° (means); reverse-wall budding- 
angle from 67° to 69° (means). Lamellar skeletal layer 
thickness intermediate to thick, exhibiting moderate 
to pronounced astogenetic thickening; granular skeletal 
layer thickness intermediate to thick, exhibiting no as- 
togenetic thickening. 

Three-dimensionally reconstructed chamber form a 
rectangular box. 

Text-figure 14 illustrates zoarial outlines in longi- 
tudinal, tangential, and transverse orientations, and 
three-dimensional chamber reconstructions from dis- 
tal, abaxial edge of branch, and obverse surfaces. 

Remarks.— Moderate similarities exist between spe- 
cies of Apertostella and Cubifenestella n. gen. Species 
of Apertostella are distinguished by a typically more 
closed meshwork, third row of autozooecia at sites of 
branch bifurcation and for pronounced distances along 
the branch proximal to sites of branch bifurcation, and 
chambers that open generally parallel to the plane of 
obverse surface. Species of Apertostella also typically 
exhibit a less cubic and more rectangular chamber shape 
than species of Cubifenestella, and have a more highly 
ovate apertural shape. 

Similarities between the two genera suggest close 
phylogenetic affinities, however difference in chamber 
orientation to the obverse surface is consistently pres- 
ent between them. The orientation of the chamber rel- 
ative to the zoarial surface, which is very different in 
Cubifenestella and Apertostella, apparently would have 


Table 29.—Summary numerical analysis of Apertostella foramen- 
major, n. sp. For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.3030 0.0608 20.07 0.213-0.488 
2. DBC 24 0.5033 0.0678 13.47 0.313-0.612 
3. WD 24 0.1591 0.2063 16.53. 0.107-0.212 
4. LF 24 0.5627 0.0793 14.09 0.433-0.740 
5. WE 24 0.2571 0.0425 16.53. 0.133-0.333 
6. AF 24 3.33 0.48 14.45 3-4 
7. AL 24 0.1246 0.0108 8.67  0.105-0.145 
8. AW 24 0.0718 0.0070 9.75 0.063-0.093 
9. ADB 24 0.2457 =0.0255 10.38  0.208-0.295 
10. AAB 24 0.2376 0.0246 10.35  0.188-0.290 
11. ABB 24 0.2981 0.0645 21.64 0.137-0.425 
12. DN 24 0.0969 0.0144 14.86  0.073-0.132 
14. SNB 24 0.4867 0.1097 22.54 0.317-0.655 
15. WK 24 0.0099 0.0015 15.15 0.008-0.013 
18. WP 24 0.0170 0.0091 11.18  0.014-0.022 
21. RSL 24 0.1128 0.0347 30.76 0.063-0.167 
22. RSS 24 0.0383 0.0131 34.20 0.027-0.088 
23. SSL 24 0.5790 0.2514 43.42  0.206-1.047 
24. SSS 24 0.0767 0.0239 31.16 0.042-0.141 
32. TRW 24 0.0080 0.0020 25.00 0.005-0.011 
33. TLW 24 0.0070 0.0010 14.29  0.005-0.009 
34. FWT 24 0.0432 0.0194 44.91 0.019-0.084 
35. RWT 24 0.0650 0.0353 54.22 0.018-0.131 
36. CL 24 0.1979 0.0063 3.18  0.189-0.210 
37. CD 24 0.1592 0.0062 3.89  0.146-0.175 
38. MAW 24 0.1338 0.0082 6.13 0.116-0.146 
39. MIW 24 0.0967 0.0069 7.14 0.086-0.112 
40. VD 24 0.0494 0.0115 23.28 0.036-0.072 
41. RA 24 67.79 4.42 6.52 59-77 
42. LA 24 25:33) 3.96 15.65 18-34 
43. TB 24 0.3083 0.0365 11.84  0.259-0.378 


had a great effect on polypide feeding. 

Species composition.— Three species are assigned to 
this genus: 4. foramenmajor, n. sp., A. crassata, Nn. sp., 
and A. venusta, n. sp. 

Range.—Lower Mississippian (Valmeyeran); pres- 
ent in the Keokuk, Warsaw, Salem and St. Louis for- 
mations. 


Text-figure 14.—Apertostella crassata illustrated. 1, diagrammatic 
longitudinal section illustrating changing chamber outline from deep 
section near middle of branch (bottom of figure) to shallow section 
near abaxial edge of branch (top of figure) [Observe lack of hemisepta 
characteristic of this genus.], x 70; 2, diagrammatic tangential section 
illustrating changing chamber outline from deep section near reverse- 
wall budding-site (bottom of figure) to shallow section near obverse 
surface (top of figure) [Typical ovate aperture opening is shown 
(arrow).], x70; 3, diagrammatic transverse section across branch, 
x 70; 4, reconstruction of typical chamber shape (three-dimensional) 
as viewed from distal end of branch; chamber reconstructed is from 
the right side of branch, « 140; 5, reconstruction of typical chamber 
shape (three-dimensional) as viewed from abaxial edge of branch, 
x 140; 6, reconstruction of typical chamber shape (three-dimension- 
al) as viewed from obverse surface; chamber reconstructed 1s from 
the right side of branch [Observe slight displacement of aperture 
opening toward abaxial edge of chamber.], = 140. 


MISSISSIPPIAN BRYOZOANS: SNYDER 99 


Apertostella foramenmajor, new species 
Plate 35, figures 1-12, Plate 36, figures 1-3; Table 29 


Etymology of name.—Named for the relatively large 
apertural openings that characterize the species. 

Diagnosis.—Zoarium robustness intermediate, mesh 
spacing lower-end intermediate, pattern regular; branch 
robustness intermediate, width lower-end intermedi- 


ate, depth lower-end medium; branches straight to 
broadly curved toward zoarial edge; transversely asym- 
metrically ovate, flattened on obverse surface, branch- 
es moderately closely spaced and joined at regular in- 
tervals by thin to lower-end intermediate width, 
relatively short dissepiments. Fenestrule size inter- 
mediate; shape more elliptical on obverse, more rect- 
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angular on reverse surface, regular. Autozooecial ap- 
erture size upper-end intermediate, large relative to 
branch width, shape ovate, elongate proximodistally; 
surrounded by thin, extremely well-developed com- 
plete peristome; three to four (most commonly three) 
apertures per fenestrule. Single narrow, continuous keel; 
straight to slightly sinuous, extending along middle of 
obverse branch surface, atop which are positioned in- 
termediate-size, ovate nodes. Autozooecial chamber 
size lower-end intermediate, chambers emplaced in 
two rows, except third row at sites of branch bifurca- 
tion; outline rounded triangular to irregularly pentag- 
onal near reverse wall, becoming angularly pentagonal 
toward mid chamber; from mid chamber toward ob- 
verse surface, chamber shape rectangular to elliptical, 
irregularly elliptical near obverse surface. Chambers 
elongate proximodistally, parallel to reverse wall. Ap- 
erture at distal-abaxial end of chamber, connected to 
chamber by short vestibule of highly variable length. 
Superior and inferior hemisepta both absent. Lateral- 
wall budding-angle moderately variable (mean of 25°); 
reverse-wall budding-angle highly constant (mean of 
68°). 

Table 29 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium robustness inter- 
mediate, expansion flat, exhibiting little or no obverse 
or reverse curvature in zoarial fragments examined, 
fan-shaped; mesh spacing lower-end intermediate; 
slight to moderate astogenetic thickening of both ob- 
verse and reverse zoarial skeleton; external zoarial pat- 
tern regular. Probable mature widths 20 to 25 mm, 
lengths 30 to 40 mm. 

Branch robustness intermediate, width lower-end 
intermediate, moderately variable; most frequently 
straight, lateral branches broadly curved toward edge 
of zoarium. Branch spacing moderately close, distance 
between adjacent branch centers regular. Obverse sur- 
face texture smooth to slightly granular, becoming in- 
creasingly granular with astogeny; surface flat or very 
slightly rounded, except for presence of single keel; keel 
narrow, well-developed, continuous, straight to slight- 
ly sinuous, extending along branch midline and curv- 
ing around autozooecial apertures; keel causing slight 
positive inflection in obverse surface profile. Keel cov- 
ered during astogenetic thickening of lamellar skeleton, 
most prominent toward proximal end of zoarium. 
Nodes monoserially emplaced, well-developed, inter- 
mediate in size, shape ovate, elongate proximodistally; 
moderately regular in both size and shape; nodes de- 
velop as extensions from middle of keel; two to three 
(most commonly two) nodes per fenestrule length; 
spacing intermediate, moderately regular; slight to 
moderate increase in node diameter with astogeny. Re- 
verse surface texture granular, coarsening with asto- 


geny, bearing an intermediate number of moderately 
closely spaced longitudinal striae, evident in exterior 
view at most distal end of zoarium, becoming covered 
by astogenetically thickened lamellar skeleton toward 
proximal end of zoarium; large microstylets positioned 
atop striae, emplaced in rows, closely spaced; micro- 
stylets highly variable in size and placement, increasing 
in diameter and becoming more irregularly positioned 
across reverse branch surface with astogeny. Large, 
approximately circular macrostylets, variable in size, 
moderately regular in shape, highly variable in place- 
ment, most commonly located at or near sites of 
branch-dissepiment junction. Autozooecia in two rows 
across branch, except third row at sites of branch bi- 
furcation where middle autozooecium evidently shared 
by both branches, very slight thickening of branch 
proximal, thinning distal to sites of branch bifurcation. 
Heterozooecia absent in zoarial fragments analyzed. 

Dissepiments of thin to lower-end intermediate 
width, width approximately equal to half that of branch, 
moderately variable in width; relatively short in length, 
moderately constant; connect branches at regular in- 
tervals. Dissepiments barlike, with slight medial thin- 
ning and flaring at branch—-dissepiment contact; mod- 
erately recessed from obverse surface, approximately 
even with reverse. Moderate astogenetic thickening of 
dissepiments, most pronounced toward proximal end 
of zoarium. Obverse dissepiment surface with two to 
five longitudinal striae across dissepiment oriented 
perpendicular to branch length; reverse dissepiment 
surface with one well-developed, medially located, 
thickened bar oriented perpendicular to branch length 
extending across dissepiments; dissepiments highly an- 
gular toward distal end of zoarium, becoming rounded 
toward proximal end with astogeny; rows of small sty- 
lets occurring atop reverse dissepiment bar, stylets in- 
crease in diameter and become more irregularly po- 
sitioned with astogeny. Surface texture similar to 
respective branch surface; obverse smooth to slightly 
granular, reverse granular; both surfaces coarsening with 
astogeny. Emplacement of dissepiments ranging from 
perpendicular to branch length to 20° from perpendic- 
ular. Apertures commonly open on proximal or distal 
edge, or in middle of dissepiment edge at branch-dis- 
sepiment contact; arranged symmetrically or asym- 
metrically between branches. 

Fenestrule size intermediate; shape rectangular to 
elliptical, becoming increasingly elliptical with asto- 
geny, elongate proximodistally; regular in size and 
shape; slight expansion of width and length in obverse— 
reverse direction, shape more elliptical from obverse 
surface, more rectangular from reverse. Mean width 
of fenestrule approximately two-thirds branch width; 
slight decrease in fenestrule opening toward proximal 
end of zoarium due to astogenetic thickening of la- 
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mellar skeleton. Ratio of fenestrule mean width to 
length approximately 1:2; width and length both mod- 
erately constant. Three to four (most commonly three) 
apertures per fenestrule length; distance between clos- 
est aperture centers along branch and across branch 
approximately equal, spacing of aperture centers across 
fenestrule 1.3 times greater; spacing along and across 
branch constant, spacing across fenestrule moderately 
variable. 

Autozooecial aperture size upper-end intermediate, 
large relative to branch width; apertures ovate, elon- 
gate proximodistally, width to length ratio approxi- 
mately 4:7; size and shape moderately uniform; open- 
ing orientation most commonly ata slight angle toward 
fenestrule, more rarely parallel to plane of obverse sur- 
face; surrounded by thin, extremely well-developed, 
complete peristome; peristome exhibiting slight thin- 
ning at proximal end. Aperture margins exhibiting no 
or slight extension into fenestrule, the latter causing 
very slight inflections in fenestrule outline on obverse 
surface. Centrally thickened terminal diaphragms pres- 
ent, rare; most common at proximal end of zoarium. 

Zoarial supports develop as extensions of reverse 
zoarial surface and lateral edge of zoarium, moderately 
rare in occurrence. 

Interior description.— Branches asymmetrically ovate 
in transverse section, flattened and slightly enlarged on 
obverse surface, elongate parallel to plane of zoarial 
surface. Branches lower-end medium, highly regular 
in depth. 

Autozooecial living chamber size lower-end inter- 
mediate, chambers arranged in alternating rows along 
planar axial wall; axial wall highly sinuous, extending 
toward and connecting with chamber lateral walls near 
reverse wall of zoarium, becoming relatively straight 
with only slight inflections toward lateral walls in mid 
chamber and near obverse surface. Chamber longest 
dimension paralleling reverse wall in proximodistal 
direction. Autozooecial chamber outline rounded tri- 
angular to irregularly pentagonal near reverse wall, be- 
coming more angularly pentagonal toward mid cham- 
ber; from mid chamber toward obverse surface, 
chamber shape rectangular to elliptical; in shallow ob- 
verse section, chamber becomes irregularly elliptical, 
slightly enlarged at distal-abaxial end; chamber shape 
highly uniform. Aperture positioned at distal-abaxial 
end of chamber, connected to chamber by short, poorly 
developed, highly variable length vestibule. Ratio of 
autozooecial chamber minimum width to maximum 
width approximately 3:4; maximum width to depth 
ratio 5:6; ratio of depth to length of chamber approx- 
imately 4:5; chamber length and depth slightly more 
constant than minimum and maximum widths, all di- 
mensions highly constant. Superior and inferior hem- 
isepta both absent. Autozooecial chambers diverge lat- 


erally from middle of branch at variable angle (mean 
of 25°); from reverse wall at a highly uniform angle 
(mean of 68°). 

Three-dimensionally reconstructed chamber form a 
rectangular box; length as viewed from lateral edge of 
branch; depth as viewed from distal end of branch 
slightly greater than width as viewed from obverse 
surface. 

Internal granular skeletal layer thin to intermediate, 
continuous with obverse nodes, keel, peristome, and 
dissepiment striae; reverse longitudinal striae, micro- 
stylets and macrostylets; across dissepiments and in 
the middle of zoarial supports. Outer lamellar layer 
thickness intermediate, exhibiting slight to moderate 
astogenetic thickening, most pronounced toward prox- 
imal end of zoarium. 

Remarks.—The exterior pattern of Exfenestella ex- 
igua (Ulrich, 1890) is very similar to that of Aperto- 
stella foramenmajor, n. sp. However, A. foramenmajor 
has a much smaller chamber than does EF. exigua, lacks 
hemisepta (whereas the latter has both superior and 
inferior hemisepta), and has chambers whose length is 
parallel to the reverse wall rather than having the long- 
est chamber dimension paralleling the lateral chamber 
walls, as in E. exigua. This species-pair provides yet 
another example of taxonomic problems that can result 
from excessive reliance on specimen exteriors. 

A. foramenmajor is distinguished from other species 
of Apertostella by a larger chamber and aperture open- 
ings that are large relative to branch width. Interior 
chamber dimensions are highly characteristic for spe- 
cies of Apertostella. 

Material studied.—Twenty-two exterior fragments, 
five sectioned specimens; largest zoarial fragment 
20x28 mm (width to length). Although microstruc- 
turally unaltered, many zoarial fragments are crushed 
due to compaction of shales. 

Occurrence.—Apertostella foramenmajor is moder- 
ately common at the Keokuk and Warsaw localities. 
It occurs as far south as Jerseyville, and is most fre- 
quently found in shales, although some fragments oc- 
cur in biocalcarenites. 

Holotype.— UI X-6766 (loc. 11, sample 53). 

Paratypes.—UI X-6745 (loc. 11, samples 53, 57), 
6721, 6722, 6770 (loc. 10, samples 28, 33). 


Apertostella crassata, new species 
Plate 36, figures 4-9, Plate 37, figures 1-9; 
Text-figure 14; Table 30 


Etymology of name.—The species name refers to the 
closely spaced mesh and small fenestrule openings 
characteristic of this species. 

Diagnosis.—Zoarium robust, mesh spacing ex- 
tremely close, pattern highly regular; branches mod- 
erately robust, width intermediate, moderately deep in 
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thickness, straight to sinuous, broadly curved at lateral 
zoarial edge; transversely irregularly polygonal to ap- 
proaching ovate, very closely spaced and joined at 
highly regular intervals by intermediate-width, short 
dissepiments. Fenestrule size small; shape ovate on 
obverse surface, becoming elliptical on reverse, mod- 
erately regular. Autozooecial aperture size upper-end 
intermediate, shape ovate, highly elongate proximo- 
abaxially; surrounded by thin, intermediately devel- 
oped, complete peristome; two to three (most com- 
monly three) apertures per fenestrule. Single moderately 
narrow, continuous keel; straight to slightly anasto- 
mosing, extending along middle of obverse branch sur- 
face, atop which are positioned intermediate-size ovate 
nodes. Autozooecial chamber size lower-end inter- 
mediate, chambers emplaced in two rows, except third 
row at sites of branch bifurcation, rarely three rows for 
short distances proximal to sites of branch bifurcation; 
outline irregular rounded-triangular to polygonal near 
reverse wall, rapidly becoming irregularly pentagonal 
in mid and throughout most of chamber, ovate to el- 
liptical in shape near obverse surface. Chambers elon- 
gate parallel to reverse wall in proximodistal direction. 
Aperture at distal-abaxial end of chamber, connected 
to chamber by intermediate-length vestibule; vestibule 
length variable. Superior and inferior hemisepta both 
absent. Lateral-wall budding-angle variable (mean of 
22°); reverse-wall budding-angle constant (mean of 67°). 

Table 30 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium robust, expansion 
flat to slightly undulating, fan-shaped; mesh spacing 
extremely close; pronounced astogenetic thickening of 
both obverse and reverse zoarial skeleton; external 
zoarial pattern highly regular. Probable mature widths 
40 to 50 mm, lengths up to 60 mm. 

Branches moderately robust, width intermediate, 
constant; straight to slightly sinuous in trace, with in- 
flections toward sites of dissepiment insertion, lateral 
branches commonly broadly curved toward edge of 
zoarium. Branch spacing very close, distance between 
adjacent branch centers highly regular. Obverse surface 
texture slightly granular, remaining texturally the same 
throughout astogeny; surface regularly angular to 
slightly rounded, except for presence of single keel; keel 
moderately narrow, well-developed, continuous, 
straight to slightly anastomosing extending along branch 
midline and causing moderate positive inflection in 
obverse surface profile. Keel becomes covered by la- 
mellar skeleton during astogeny. Nodes monoserially 
emplaced, poorly developed, intermediate in size, 
highly ovate, elongate proximodistally; regular in both 
size and shape; develop as projections from middle of 
keel; one to two per fenestrule length, spacing inter- 
mediate, constant; nodes partially to completely cov- 


Table 30.—Summary numerical analysis of Apertostella crassata, 
n. sp. For explanation of abbreviations of characters (left column), 
see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.3471 0.0436 12.56 0.283-0.480 
2. DBC 24 0.5067 0.0536 10.58  0.413-0.603 
3. WD 24 0.2976 0.0475 15.96 0.191-0.410 
4. LF 24 0.4053 0.0680 16.78 0.238-0.505 
5. WF 24 0.1567 0.0206 17.05  0.125-0.200 
6. AF 24 2.83 0.38 13.44 2-3 
7. AL 24 0.1401 0.0069 4.93 0.127-0.154 
8. AW 24 0.0962 0.0046 4.78  0.086-0.108 
9. ADB 24 0.2158 0.0167 7.74 0.184-0.253 
10. AAB 24 0.2218 0.0190 8.57 0.192-0.262 
11. ABB 24 0.2970 = 0.0351 11.82  0.228-0.365 
12. DN 24 0.0852 0.0122 14.32 0.069-0.115 
14. SNB 24 0.3761 0.0574 15.26 0.239-0.464 
15. WK 24 0.0470 0.0087 18.51 0.039-0.068 
18. WP 24 0.0090 0.0021 23.80 0.005-0.012 
22. RSS 24 0.0087 0.0020 23.09 0.006-0.011 
24. SSS 24 0.0286 0.0109 38.11 0.018-0.060 
32. TRW 24 0.0093 0.0020 21.51 0.005-0.013 
33. TLW 24 0.0081 0.0019 22.96  0.006-0.102 
34. FWT 24 0.0594 0.0222 37.37. 0.029-0.143 
35. RWT 24 0.1208 0.0616 50.99  0.034—0.280 
36. CL 24 0.2015 0.0070 3.47 0.189-0.214 
372 CD 24 0.1767 0.0072 4.07 0.165-0.193 
38. MAW 24 0.1363 0.0177 12.99 0.115-0.193 
39. MIW 24 0.0764 0.0141 18.46 0.052-0.104 
40. VD 24 0.0661 0.0115 17.40 0.051-0.091 
41. RA 24 67.04 5.84 8.71 53-78 
42. LA 24 21.58 3.50 16.22 17-31 
43. TB 24 0.4157. 0.0715 17.20 0.326-0.587 


ered by lamellar skeleton with astogeny. Reverse sur- 
face texture granular, coarsening with astogeny, bearing 
few rows of widely spaced longitudinal striae, evident 
in exterior view at most distal end of zoarium, becom- 
ing covered immediately proximal from zoarial distal 
edge due to astogenetic thickening of lamellar skeleton; 
rows of very small microstylets develop atop longi- 
tudinal striae; microstylets closely spaced, become 
variably positioned across entire reverse surface and 
exhibit slight increase in diameter with astogeny. Au- 
tozooecia in two rows across branch; except third row 
at sites of branch bifurcation where middle autozooe- 
cium evidently shared by both branches, rarely three 
rows for short distances proximal to sites of branch 
bifurcation; pronounced thickening proximal, thinning 
distal to sites of branch bifurcation. Heterozooecia ab- 
sent in all zoarial fragments examined. 

Dissepiments of intermediate width, approximately 
seven-eighths width of branch, moderately constant; 
short in length, constant; connect branches at highly 
regular intervals. Dissepiments thin medially, exhibit 
pronounced flaring at branch—-dissepiment contact; 
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highly recessed from obverse, approximately even with 
reverse surface. Moderate to pronounced astogenetic 
thickening of dissepiments toward proximal end of 
zoarium. Obverse dissepiment surface lacking orna- 
mentation; reverse surface with longitudinal striae ori- 
ented perpendicular to branch length atop which are 
positioned small stylets; striae covered and stylets in- 
crease in diameter, become more irregularly positioned 
with astogeny. Obverse dissepiment surface texture 
slightly granular, remaining the same with astogeny; 
reverse surface texture granular, coarsening with as- 
togeny. Emplacement of dissepiments ranging from 
perpendicular to branch length to angles deviating up 
to 20° from perpendicular. Apertures commonly po- 
sitioned on proximal or distal edge or in middle of 
dissepiment edge at branch—dissepiment contact; ar- 
ranged symmetrically or asymmetrically between 
branches. 

Fenestrule size small; shape ovate on obverse sur- 
face, becoming elliptical on reverse, elongate proxi- 
modistally; moderately regular in size and shape; slight 
to moderate expansion of fenestrule width and length 
in obverse-reverse direction. Mean width of fenestrule 
slightly less than half branch width on obverse surface, 
greater than half branch width on reverse; fenestrule 
Opening decreasing in size, becoming appreciably 
smaller to completely closed toward proximal end of 
zoarium with astogenetic thickening of lamellar skel- 
eton. Ratio of fenestrule mean width to length ap- 
proximately 3:10; width slightly more constant than 
length, both moderately constant. Two to three (most 
commonly three) apertures per fenestrule length; dis- 
tance between closest aperture centers along branch 
and across branch approximately equal; distance be- 
tween apertures across fenestrule approximately 1.35 
times greater; spacing along and across branch con- 
stant, spacing across fenestrule slightly variable. 

Autozooecial aperture size upper-end intermediate, 
shape ovate, highly elongate proximoabaxially, width 
to length ratio approximately 2:3; size highly uniform, 
shape moderately uniform; opening most commonly 
oriented parallel to plane of obverse surface, rarely at 
slight angle toward fenestrule; thin, intermediately de- 
veloped complete peristome surrounding aperture. No 
extension of aperture margin into fenestrule, apertures 
even with obverse branch surface. Thin, uniform thick- 
ness terminal diaphragms cover some apertures, most 
common near proximal end of zoarium. 

Zoarial supports develop near proximal end of zoar- 
ium, form as extension of lateral zoarial edge and re- 
verse zoarial surface. 

Interior description.—Branches irregularly polygo- 
nal to approaching ovate in transverse section, irreg- 
ular shape due to astogenetic thickening of lamellar 
skeleton; branches commonly slightly flaring on ob- 


verse surface, elongate either in obverse-reverse di- 
rection or parallel to plane of obverse surface. Branches 
moderately deep, variable in thickness. 

Autozooecial chamber size lower-end intermediate, 
chambers biserially arranged in alternating rows along 
planar branch axial wall; axial wall sinuous, anasto- 
mosing toward sites of lateral-wall emplacement near 
reverse wall, becoming relatively straight, exhibiting 
slight inflections toward lateral walls from mid cham- 
ber to obverse surface. Chamber longest dimension 
only slightly greater than depth, elongate parallel to 
reverse wall in proximal-distal direction. Autozooecial 
chamber outline irregular, rounded triangular to po- 
lygonal near reverse wall; rapidly becoming irregularly 
pentagonal in shape throughout mid chamber and to- 
ward obverse surface; ovate to elliptical in shape near 
obverse surface, slightly enlarged at distal end; cham- 
ber shape moderately uniform. Aperture positioned at 
distal-abaxial end of chamber, connected to chamber 
by well-developed, intermediate-length vestibule; ves- 
tibule length variable. Ratio of autozooecial chamber 
minimum width to maximum width approximately 
5:9: maximum width to depth ratio about 7:9; depth 
to length ratio about 7:8. Superior and inferior hem1- 
septa both absent. Autozooecial chambers diverge lat- 
erally from middle of branch at a variable angle (mean 
of 22°); from reverse wall at a constant angle (mean of 
67°). 

Three-dimensionally reconstructed chamber form a 
rectangular box; length as viewed from lateral edge of 
branch; depth as viewed from distal end of branch, 
and width as viewed from obverse surface. 

Internal granular layer width intermediate, well-de- 
veloped; continuous with obverse nodes, keel, and per- 
istome; reverse longitudinal striae and microstylets; 
across dissepiments and in the middle of zoarial sup- 
ports. Outer lamellar skeletal layer usually thick, ex- 
hibiting pronounced astogenetic thickening on both 
obverse and reverse exterior surfaces, most pro- 
nounced thickening occurring at proximal end of zoar- 
ium. 

Remarks.—The robust fan, close mesh, and small 
fenestrule openings allow relatively easy exterior rec- 
ognition of Apertostella crassata, n. sp. Although ex- 
teriors of this species are similar to those of species of 
Hemitrypa Phillips, 1841, 4A. crassata is readily as- 
signed to Apertostella by its lack of exterior secondary 
reticulate structure, difference in fenestrule shape and 
size, and interior characters such as autozooecial 
chamber size and shape. 

A. crassata is distinguished from other species of 
Apertostella by having the largest chamber size, most 
closely spaced mesh, fewest number of apertures per 
fenestrule, and largest size aperture opening. All species 
of Apertostella have extremely similar reverse-wall and 
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lateral-wall budding-angles, characters extremely con- 
stant within this genus. 

Material studied.— Twenty-eight exterior fragments; 
four sectioned specimens; largest zoarial fragment 
30x38 mm (width to length). The robust fan in this 
species resulted in the collection of many large, nearly 
complete zoarial fragments. The preservation of frag- 
ments is also good, although some colonies have been 
crushed by shale compaction. 

Occurrence.—Apertostella crassata is present in the 
Warsaw Formation and Upper Keokuk Formation in 
the northern half of the study area. It is most common 
near Keokuk, Iowa and Warsaw, Illinois, but occurs 
as far south as White Hall, and is found in both lime- 
stones and shales. 

Holotype.— UI X-6737 (loc. 10, sample 28). 

Paratypes.— UI X-6738-6740 (loc. 10, samples 28, 
35): 


Apertostella venusta, new species 
Plate 38, figures 1-9, Plate 39, figures 1-5; Table 31 


Etymology of name.—Name refers to the pleasing 
exterior appearance of this species. 

Diagnosis.—Zoarium delicate, mesh spacing upper- 
end intermediate, pattern moderately regular; branch- 
es robust, width lower-end wide, medium in thickness; 
straight to broadly curved toward lateral zoarial edge; 
transversely irregularly ovate to elliptical, flattened or 
slightly concave on obverse surface, intermediately 
spaced and joined at highly regular intervals by inter- 
mediate width and length dissepiments. Fenestrules 
large; shape elliptical to approaching rectangular, mod- 
erately constant. Autozooecial aperture size interme- 
diate, ovate, elongate proximodistally; surrounded by 
thin, well-developed, complete peristome with very 
small stylets projecting from peristome outer edge; five 
to six apertures per fenestrule. Single intermediate- 
width, continuous keel, straight to slightly sinuous, ex- 
tending along middle of obverse branch surface, atop 
which are positioned lower-end large size, circular or 
ovate nodes. Autozooecial chamber size intermediate, 
chambers emplaced in two rows, except either third 
row at sites of branch bifurcation or three rows for 
short distances along branch proximal to sites of branch 
bifurcation; outline rounded triangular near reverse 
wall, rapdily becoming irregularly pentagonal through- 
out mid chamber, irregularly elliptical near obverse 
surface with ellipse elongate distal-abaxially. Cham- 
bers elongate parallel to reverse wall in proximodistal 
direction. Aperture at distal-abaxial end of chamber, 
connected to chamber by short, variable-length ves- 
tibule. Superior and inferior hemisepta both absent. 
Lateral-wall budding-angle slightly variable (mean of 
22°); reverse-wall budding-angle highly constant (mean 
of 69°). 


Table 31.—Summary numerical analysis of Apertostella venusta, 
n. sp. For explanation of abbreviations of characters (left column), 
see Table 8b (foldout inside back cover). 


number 


of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.3952 0.0673 17.03 0.298-0.556 
2. DBC 24 0.7297 0.1884 25.82 0.375-1.081 
3. WD 24 0.2651 0.0567 21.39 0.173-0.363 
4. LF 24 1.3480 0.1525 11.31 1.125-1.556 
5. WEF 24 0.4292 0.0833 19.41  0.300-0.600 
6. AF 24 5.67 0.49 8.68 5-6 
7. AL 24 0.1211 0.0094 7.76 0.098-0.148 
8. AW 24 0.0746 0.0072 9.65  0.058-0.088 
9. ADB 24 0.2956 0.0312 10.55. 0.250-0.356 
10. AAB 24 0.3145 0.0346 11.00  0.253-0.375 
11. ABB 24 0.4775 0.1010 21.15 0.325-0.650 
12. DN 24 0.1282 0.0208 16.22 0.015-0.275 
14. SNB 24 1.2780 0.3285 25.70 0.790-1.920 
15. WK 24 0.0606 0.0121 19.97 0.042-0.085 
16. DSO 24 0.0382 0.0161 42.15 0.019-0.068 
17. SSO 24 0.0685 0.0333 48.61 0.041-0.104 
18. WP 24 0.0231 0.0048 20.78 0.015-0.030 
22. RSS 24 0.0138 0.0039 28.26 0.012-0.028 
24. SSS 24 0.0310 0.0106 34.19  0.023-0.078 
32. TRW 24 0.0204 0.0032. 15.69  0.014-0.027 
33. TLW 24 0.0152 0.0028 18.42 0.011-0.020 
34. FWT 24 0.0528 0.0192 36.36 0.025-0.085 
35. RWT 24 0.0688 0.0324 48.55  0.024-0.154 
36. CL 24 O:3555)" 0:01:27 4.97 0.338-0.371 
37. CD 24 0.1743 0.0114 6.54  0.156-0.193 
38. MAW 24 0.1636 0.0133 8.13 0.144-0.191 
39. MIW 24 0.1028 0.0213 20.72 0.075-0.148 
40. VD 24 0.0582 0.0167 28.69 0.035-0.088 
41. RA 24 69.08 4.48 6.49 62-76 
42. LA 24 22.42 3.34 14.91 8-29 
43. TB 24 0.3583 0.0855 23.86 0.214-0.525 


Table 31 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium delicate, expansion 
flat to slightly obversely curved, fan-shaped; mesh 
spacing upper-end intermediate; moderate astogenetic 
thickening of both obverse and reverse zoarial skele- 
ton; external zoarial pattern moderately regular. Prob- 
able mature widths 30 to 40 mm, lengths up to 50 or 
60 mm. 

Branches robust, width lower-end wide, moderately 
variable; straight to broadly curved toward lateral edge 
of zoarium. Branch spacing intermediate, distance be- 
tween adjacent branch centers irregular. Obverse branch 
surface texture granular, becoming increasingly so with 
astogeny; surface flat to slightly concave, except for 
presence of single, intermediate-width keel; keel mod- 
erately well-developed, continuous, straight to slightly 
sinuous, extending along branch midline and causing 
slight positive inflection in obverse surface profile. 
Slight astogenetic thickening of keel, with keel becom- 
ing covered by lamellar skeleton during astogenetic 
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thickening of obverse surface. Nodes monoserially em- 
placed, well-developed, size lower-end large; shape cir- 
cular to ovate, elongate proximodistally; moderately 
constant in both size and shape; nodes develop as pro- 
jections from middle of keel; most commonly one, 
more rarely two nodes per fenestrule length; nodes 
widely, unevenly spaced; moderate increase of node 
diameter with astogeny. Large, highly variable size sty- 
lets irregularly positioned across obverse surface; sty- 
lets exhibiting slight astogenetic thickening. Reverse 
surface texture granular, becoming more coarsely so 
with astogeny; bearing numerous rows of closely spaced 
longitudinal striae which become partially covered by 
astogenetic thickening of lamellar skeleton; rows of 
small, closely spaced microstylets develop as exten- 
sions of longitudinal striae; microstylets become vari- 
ably spaced across entire reverse surface and exhibit 
slight increase in diameter with astogeny. Autozooecia 
in two rows across branch; except either third row at 
sites of branch bifurcation where middle autozooecium 
evidently shared by both branches or three rows for 
short distances along branch proximal to sites of branch 
bifurcation; slight thickening proximal, thinning distal 
to sites of branch bifurcation. Heterozooecia absent in 
all zoarial fragments obversed. 

Dissepiments of intermediate width, approximately 
two-thirds that of branch, slightly variable in width; 
length intermediate, slightly constant; connect branch- 
es at highly regular intervals. Dissepiments moderately 
barlike, exhibiting slight medial thinning and slight 
flaring at branch—dissepiment junction; highly recessed 
from obverse surface, slightly recessed from reverse. 
Slight astogenetic thickening toward proximal end of 
zoarium. Obverse dissepiment surface with four to six 
longitudinal striae oriented perpendicular to branch 
length, large stylets similar in size to obverse stylets 
positioned across dissepiment surface not covered by 
striae; striae partially covered by astogenetic thicken- 
ing of lamellar skeleton, stylets increase in diameter 
with astogeny; reverse surface bearing numerous rows 
of longitudinal striae oriented perpendicular to branch 
width, rows of closely spaced small stylets atop striae; 
striae become covered by secondary lamellar thick- 
ening, stylets increase in diameter and become more 
irregularly positioned across dissepiment surface with 
astogeny. Both obverse and reverse dissepiment sur- 
faces granular in texture, becoming increasingly so with 
astogeny. Emplacement of dissepiments perpendicular 
or approximately perpendicular to branch length. Ap- 
ertures commonly positioned on proximal or distal 
edge or in middle of dissepiment edge at branch—dis- 
sepiment contact; arranged symmetrically or asym- 
metrically between branches. 

Fenestrules large, shape elliptical to approaching 
rectangular, highly elongate proximodistally; shape 


moderately constant, size slightly constant; opening 
constant in size and shape on both obverse and reverse 
surfaces. Mean width of fenestrule slightly greater than 
branch width; astogenetic thickening, primarily toward 
proximal end of zoarium, causing slight infilling of 
fenestrule opening. Ratio of mean fenestrule width to 
length approximately 1:3; length moderately constant, 
width slightly variable. Five to six apertures per fe- 
nestrule length; distance between closest aperture cen- 
ters along branch and across branch approximately 
equal, spacing of apertures across fenestrule 1.5 times 
greater; spacing along and across branch slightly vari- 
able, spacing across fenestrule highly variable. 

Autozooecial aperture size intermediate, shape ovate, 
elongate proximodistally, width to length ratio 3:5; size 
highly uniform, shape variable; opening at a slight an- 
gle toward fenestrule or parallel to plane of obverse 
surface; thin, well-developed complete peristome sur- 
rounding aperture, commonly with very small stylets 
irregularly projecting from peristome outer edge. Ap- 
erture margins extend into fenestrule, causing very slight 
inflections in fenestrule outline on obverse surface. 
Terminal diaphragms lacking. 

Zoarial supports rare, observed at most proximal 
reverse side and lateral zoarial edges. 

Interior description.— Branches irregularly ovate to 
elliptical in transverse section, frequently flattened or 
slightly concave on obverse surface, enlarged on ob- 
verse surface, elongate parallel to plane of zoarial sur- 
face. Branches medium in thickness, variable. 

Autozooecial living chambers intermediate in size, 
biserially arranged in alternating rows along planar 
branch axial wall; axial wall zigzags, extending diag- 
onally across entire branch near reverse chamber wall; 
sinuous, anastomosing toward and connecting with 
chamber lateral walls throughout the rest of chamber. 
Chamber longest dimension paralleling reverse wall in 
proximodistal direction. Autozooecial chamber out- 
line rounded triangular near reverse wall; rapidly be- 
coming irregularly pentagonal throughout all but most 
obverse end of chamber where chamber becomes ir- 
regularly elliptical in shape, ellipse elongate distal- 
abaxially relative to branch length; chamber shape 
moderately uniform. Apertures positioned at distal- 
abaxial end of chamber, connected to chamber by short, 
moderately well-developed, variable-length vestibule. 
Ratio of autozooecial chamber minimum width to 
maximum width approximately 5:8; chamber depth 
slightly less than maximum chamber width, ratio about 
15:16; ratio of chamber depth to length approximately 
2:3: chamber length, depth and maximum width highly 
constant, minimum width highly variable. Superior 
and inferior hemisepta both absent. Autozooecial 
chambers diverge laterally from middle of branch at a 
slightly variable angle (mean of 22°); from reverse wall 
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at a highly constant angle (mean of 69°). 

Three-dimensionally reconstructed chamber form 
an irregular rectangular box; length as viewed from 
lateral edge of branch; depth and width approximately 
equidimensional, as viewed from distal end of branch 
and obverse surface, respectively. 

Internal granular skeletal layer relatively thick, well- 
developed; continuous with obverse nodes, keel, sty- 
lets, and peristome; reverse longitudinal striae and sty- 
lets; across dissepiments and in the middle of zoarial 
supports. Moderate astogenetic thickening of lamellar 
skeletal layer, most pronounced toward proximal end 
of zoarium. 

Remarks.—Apertostella venusta, n. sp. is distin- 
guished from other species of the genus by a coarser 
mesh, much greater number of apertures per fenestrule 
length, obverse stylets, wider branches, and much larg- 
er autozooecial chambers. The open mesh in 4. venusta 
is not typical of Apertostella, but the chamber shape, 
large aperture size relative to branch width, and lateral- 
wall and reverse-wall budding-angles are typical of this 
genus. 

The relatively rare occurrence and frequent poor 
preservation of this species may account for its not 
being recognized by Ulrich in his extensive work on 
the Mississippian bryozoans around Keokuk, Iowa and 
Warsaw, Illinois. 

Material studied.— Fourteen exterior fragments; four 
sectioned specimens; largest zoarial fragment 22 x 31 
mm (width to length). Microstructurally most material 
is well-preserved, although mechanical crushing of 
fragments is common due to compaction of muds in 
shale development. 

Occurrence.—Apertostella venusta, n. sp. is extreme- 
ly rare in the Upper Keokuk and Warsaw formations 
in localities from Mt. Sterling to Keokuk. It is most 
commonly found in shale beds on the surfaces of thin 
limestone lenses. 

Holotype.—UI X-6875 (loc. 10, sample 33). 

Paratypes.—UI X-7028-7030 (loc. 10, samples 25, 
28). 


Genus HEMITRYPA Phillips, 1841 


Type species.—Hemitrypa oculata Phillips, 1841 
[Devonian of England]. 

Typical Warsaw species.—H. perstriata Ulrich, 1890, 
p. 564, pl. 57, figs. 6, 6a [Keokuk Group: Bentonsport 
and Keokuk, Iowa]. 

Diagnosis.—Zoarium robustness delicate to robust, 
mesh spacing close to intermediate; reticulate mesh- 
work present, developed as extension of keel across 
obverse zoarial surface; chamber outline an irregular 
pentagon, rectangle to parallelogram in mid tangential 
section; chamber size intermediate; aperture size in- 
termediate to large; hemisepta absent; chamber re- 


verse-wall budding-angle varies between 60° and 70° 
(means). 

Three-dimensionally reconstructed chamber form 
an irregular rectangular to cubic box. 

Description.—Zoarium robustness delicate to ro- 
bust, expansion flat, undulating to obversely or re- 
versely curved, mesh spacing close to intermediate, 
regular to variable; reticulate meshwork present, de- 
velops as extension of keel and extends across obverse 
zoarial surface in middle and at proximal ends of the 
zoarium. 

Branch width narrow to intermediate, straight to 
sinuous in trace with lateral branches broadly curved 
toward edge of zoarium; branch surface profile round- 
ed to angular. Keel present, single, width intermediate, 
exhibiting pronounced astogenetic thickening, deve- 
loping into reticulate meshwork with, astogeny. Nodes 
present, emplacement monoserial, size intermediate, 
shape stellate, ovate to circular, located atop keel, spac- 
ing close to intermediate. Obverse stylets present, size 
small to intermediate, occurring across obverse sur- 
face. Microstylets present, ranging in size from inter- 
mediate to large. Macrostylets present in some species, 
size intermediate to large, located at branch—dissepi- 
ment junction or irregularly across reverse branch sur- 
face. Autozooecia in two rows, third row at sites of 
branch bifurcation or three to four rows for moderate 
distances proximal to branch bifurcation. Heterozooe- 
cia (ovicells?) present in some species. 

Dissepiments of intermediate width, length short to 
intermediate, connect branches at regular to variable 
intervals. 

Fenestrule size small to intermediate; shape ellipti- 
cal, ovate to rarely circular on obverse, rectangular, 
square to polygonal on reverse zoarial surfaces. 

Aperture size intermediate to large, shape elliptical, 
ovate to rarely circular, oriented parallel to plane of 


Text-figure 15.— Hemitrypa perstriata illustrated. 1, diagrammatic 
longitudinal section showing changing chamber outline from deep 
section near middle of branch (bottom of figure) to shallow section 
near abaxial edge of branch (top of figure) [Observe reticulate mesh- 
work (arrow) characteristic of this genus and composed of granular 
skeletal material.], x 70; 2, diagrammatic tangential section illus- 
trating changing chamber outline from deep section near reverse- 
wall budding-site (bottom of figure), to shallow section of chambers 
(middle of figure), to view of reticulate meshwork (arrow) in the most 
shallow section (top of figure) [Each chamber in the meshwork cor- 
responds to an underlying aperture opening.], x 70; 3, diagrammatic 
transverse section across branch illustrating typical aperture orien- 
tation to plane of obverse surface (arrow) and reticulate meshwork 
covering obverse surface, x 70; 4, reconstruction of typical chamber 
shape (three-dimensional) as viewed from abaxial edge of branch 
[Observe the well-developed, long vestibule.], x 140; 5, reconstruc- 
tion of typical chamber shape (three-dimensional) as viewed from 
distal end of branch; chamber reconstructed is from the right side 
of branch, x 140; 6, reconstruction of typical chamber shape (three- 
dimensional) as viewed from obverse surface; chamber reconstructed 
is from the right side of branch, x 140. 
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obverse surface to slight angle toward fenestrule. Per- minal diaphragms present, primarily occurring toward 
istome present, complete; apertural stylets absent; ter- proximal end of zoarium. 


@°°o 
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Branches ranging from circular, ovate to elliptical in 
cross-section, medium to very thick in depth. 

Autozooecial chamber size intermediate, chambers 
biserially emplaced along a straight to sinuous axial 
wall; maximum chamber length extending proximo- 
distally, parallel to reverse wall. Chamber outline ovate, 
elliptical, irregularly pentagonal to triangular near re- 
verse wall; becoming irregularly pentagonal, rectan- 
gular to parallelogram-shaped in mid chamber and 
throughout most of chamber depth; ovate to elliptical 
near obverse surface. Vestibule present, varying in 
length from short to long. Superior and inferior hemi- 
septa both absent. Lateral-wall budding-angle ranging 
from 17° to 23° (means); reverse-wall budding-angle 
from 60° to 77° (means). Lamellar skeletal layer thick- 
ness intermediate to thick, exhibiting moderate to pro- 
nounced astogenetic thickening; granular skeletal layer 
thickness intermediate to thick, exhibiting no astoge- 
netic thickening. 

Three-dimensionally reconstructed chamber form 
an irregular rectangular to cubic box. 

Text-figure 15 illustrates zoarial outlines in longi- 
tudinal, tangential, and transverse orientations show- 
ing position of reticulate meshwork over zoarial sur- 
face, and three-dimensional chamber reconstructions 
from abaxial branch edge, obverse surface, and distal 
end of branch. 

Remarks.—The genus Hemitrypa was first recog- 
nized and described by Phillips (1841) from the De- 
vonian of England, and is readily recognized by the 
presence of a reticulate meshwork. This meshwork 
forms as extensions of granular skeletal material de- 
veloping atop the keel and dissepiments, forming a 
honeycomb-like cover over the obverse surface. Each 
hole in the mesh corresponds to an underlying auto- 
zooecial aperture. 

The reticulate meshwork in Hemitrypa is usually 
restricted to the more proximal portions of the zoar- 
ium, with the distalmost third of the zoarium normally 
not covered. Where the meshwork is absent, the ex- 
terior morphology of zoarial fragments is highly similar 
to and frequently confused with that of species of Aper- 
tostella, n. gen. Interiors are also similar in chamber 
shape and lack of superior and inferior hemisepta. 
Presence of reticulate meshwork is the best criterion 
for recognition of Hemitrypa, however, should this be 
absent, the genus can be separated from Apertostella 
by typical presence of more closely spaced nodes, 
changing fenestrule shape from obverse to reverse 
zoarial surface, and a more cubic chamber form. Sim- 
ilarities in chamber form are great enough between 
Apertostella and Hemitrypa to render presence of re- 
ticulate meshwork definitive. 

Previous workers, including Ulrich and Keyes, fre- 
quently depended on reverse exteriors for species rec- 


ognition. Reverse exteriors exhibit great change with 
astogeny, and their use led to species based on asto- 
genetic stage. 

Species composition.—Five Warsaw species have 
been assigned to this genus: H. perstriata Ulrich, 1890, 
H. hemitrypa (Prout, 1859), H. aprilae, n. sp., H. as- 
pera Ulrich, 1890, and H. vermifera (Ulrich, 1890). 

Range.—Silurian to Permian; Silurian and Lower 
Devonian species are distinct from those found in the 
Warsaw. 


Hemitrypa perstriata Ulrich, 1890 
Plate 39, figures 6-12, Plate 40, figures 1-10, 
Plate 41, figures 1-5; Text-figure 15; Table 32 


Hemitrypa perstriata Ulrich, 1890, p. 564, pl. 57, figs. 6, 6a [Keokuk 
Group, Bentonsport and Keokuk, Iowa]; Keyes, 1894, p. 25 [Keo- 
kuk Limestone, Keokuk, Iowa]. 

Hemitrypa pateriformis Ulrich, 1890, p. 564, pl. 57, figs. 7-7c [Keo- 
kuk Group, Keokuk, Iowa]; Keyes, 1894, p. 26 [Keokuk Lime- 
stone, Keokuk, Iowa]. 


Diagnosis.—Zoarium moderately robust, mesh 
spacing upper-end intermediate, pattern moderately 
regular; reticulate meshwork present, intermediately 
to poorly developed, polygonal (primarily hexagonal) 
in shape; branch robustness and width intermediate, 
thick in depth; straight to less commonly sinuous, lat- 
eral branches broadly curved at zoarial edge; trans- 
versely irregularly ovate, spacing lower-end interme- 
diate and joined at moderately regular intervals by 
lower-end intermediate width, intermediate-length 
dissepiments. Fenestrule size intermediate; shape el- 
liptical to ovate on obverse surface, rectangular to po- 
lygonal on reverse, highly variable. Autozooecial ap- 
erture size intermediate, elliptical to ovate, elongate 
proximodistally or proximoabaxially, rarely circular, 
surrounded by thin, well-developed, complete peri- 
stome; three to five (most commonly four) apertures 
per fenestrule. Single, lower-end intermediate width 
continuous keel present; keel straight to slightly anas- 
tomosing, extending along middle of obverse branch 
surface, atop which are positioned intermediate-size, 
irregularly stellate or ovate nodes. Autozooecial cham- 
ber size intermediate, chambers emplaced in two rows, 
except three rows, less frequently four rows proximal 
to sites of branch bifurcation; outline irregularly ovate 
to rounded pentagonal near reverse wall, rapidly be- 
coming slightly irregularly rectangular throughout most 
of chamber, irregularly ovate near obverse surface. 
Chamber longest dimension very slightly greater than 
depth, slightly elongate parallel to reverse wall in prox- 
imodistal direction. Aperture at distal-abaxial end of 
chamber, connected to chamber by intermediate-length, 
variable length vestibule. Superior and inferior hemi- 
septa both absent. Lateral-wall budding-angle highly 
variable (mean of 18°); reverse-wall budding-angle 
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Table 32.—Summary numerical analysis of Hemitrypa perstriata 
Ulrich, 1890. For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 


of 
mea- coeffi- 
sure- standard cient of observed 
ments mean deviation variation range 
1. WB 24 0.3145 0.0550 17.48  0.248-0.480 
2. DBC 24 0.5120 0.0608 11.88  0.346-0.612 
3. WD 24 0.1600 0.0322 20.13 0.113-0.281 
4. LF 24 0.5825 0.1576 27.06 0.369-0.803 
5. WF 24 0.3563 0.0769 21.58 0.219-0.569 
6. AF 24 4.15 0.52 12.62 3-5 
Ts A 24 0.1320 0.0073 5.53 0.112-0.154 
8. AW 24 0.0920 0.0065 7.07 0.058-0.108 
9. ADB 24 0.2400 0.0167 6.96 0.222-0.302 
10. AAB 24 0.2320 0.0238 10.26 = 0.152-0.292 
11. ABB 24 0.3217 0.0435 13.52  0.226-0.434 
12. DN 24 0.0990 0.0126 12.73 0.072-0.160 
14. SNB 24 0.4580 0.0965 20.96  0.316-0.800 
15. WK 24 0.0592 0.0123 20.78 0.028-0.114 
16. DSO 24 0.0120 0.0029 23.97 0.008-0.018 
17. SSO 24 0.0386 0.0123 31.86 0.022-0.096 
18. WP 24 0.0135 0.0027 20.00 0.006-0.025 
22. RSS 24 0.0220 0.0034 15.45 0.013-0.031 
24. SSS 24 0.0456 0.0138 30.26 0.020-0.085 
25. LRM 24 0.2380 0.0220 9.24 0.156-0.292 
26. WRM 24 0.2240 0.0271 12.10 0.180-0.388 
32. TRW 24 0.0128 0.0018 14.06  0.007-0.017 
33. TLW 24 0.0094 0.0012 12.77 0.006-0.014 
34. FWT 24 0.0741 0.0255 34.41 0.040-0.175 
35. RWT 24 0.1884 0.0604 32.06 0.121-0.295 
36. CL 24 0.2286 0.0162 7.09 0.195-0.245 
37. CD 24 0.2250 =0.0118 5.24  0.205-0.265 
38. MAW 24 0.1325 0.0214 16.15 0.092-0.163 
39. MIW 24 0.1117. 0.0170 15.22. 0.079-0.141 
40. VD 24 0.0720 0.0173 24.03 0.050-0.106 
41. RA 24 70.70 5.61 7.94 58-82 
42. LA 24 18.00 3.38 18.78 13-25 
43. TB 24 0.4250 0.0887 20.88 0.325-0.571 


highly constant (mean of 71°). 

Table 32 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium moderately robust, 
expansion flat to undulating, fan-shaped; mesh spacing 
upper-end intermediate; pronounced astogenetic 
thickening of both obverse and reverse zoarial skele- 
ton; external zoarial pattern moderately regular. In- 
termediately to poorly developed reticulate meshwork 
covering primarily proximal and medial obverse zoar- 
ial surfaces, absent at lateral and distal edges of zoar- 
ium; reticulate meshwork thickened along branch mid- 
line, with mesh forming as secondary extension of keel, 
nodes, and dissepiments; meshwork develops toward 
fenestrule from branch midline and dissepiment sur- 
face to form polygonal, primarily hexagonal feature 
covering obverse zoarial surface, each facet of polygon 
(hexagon) developing around single apertural opening; 
width and length of meshwork dimensions approxi- 


mately same as aperture spacings along and across ob- 
verse branch; width five-sevenths that of branch, 
meshwork opening width to length ratio approximately 
1:1; variable number, four to seven, nodular extensions 
into meshwork opening from mesh skeletal edge. Prob- 
able mature zoarial widths and lengths of half a meter 
or more attained in large colonies. 

Branch robustness intermediate, width intermedi- 
ate, slightly variable; typically straight, less commonly 
exhibiting inflection toward sites of dissepiment em- 
placement, lateral branches broadly curved toward edge 
of zoarium. Branch spacing lower-end intermediate, 
distance between adjacent branch centers highly reg- 
ular. Obverse surface texture moderately granular, be- 
coming increasingly so with astogeny; surface rounded 
to moderately angular, except for presence of single 
keel; keel width lower-end intermediate, well-devel- 
oped, continuous, straight to slightly anastomosing, 
extending along branch midline and causing pro- 
nounced positive inflection in obverse surface profile. 
Pronounced astogenetic thickening of keel; most pro- 
nounced toward proximal end of zoarium. Nodes 
monoserially emplaced, well-developed, intermediate- 
size, irregularly stellate to ovate, elongate proximodis- 
tally; nodes regular in size, variable in shape; develop 
as projection from middle of keel; one to three (most 
commonly two) per fenestrule length; spacing inter- 
mediate, moderately even; pronounced increase of node 
diameter with astogeny. Intermediate-size stylets, vari- 
ably sized and positioned, occurring across obverse 
branch surface. Reverse surface texture granular, 
coarsening with astogeny, bearing relatively few rows 
of intermediately spaced longitudinal striae, which be- 
come covered by lamellar skeleton during astogeny; 
rows of intermediate-size microstylets, closely spaced, 
develop as extensions of longitudinal striae along re- 
verse branch surface, microstylet diameters increase 
with astogeny and microstylets become more variably 
positioned across reverse branch surface. Autozooecia 
in two rows across branch, except three rows, less fre- 
quently four rows for moderate to pronounced dis- 
tances proximal to sites of branch bifurcation; pro- 
nounced thickening proximal, moderate thinning distal 
to sites of branch bifurcation. Heterozooecia absent in 
all zoarial fragments examined. 

Dissepiments of lower-end intermediate width, 
slightly greater than half branch width, slightly vari- 
able; length intermediate, variable; connect branches 
at moderately regular intervals. Dissepiments exhibit 
pronounced medial thinning, pronounced flaring at 
branch-dissepiment junction; highly recessed from ob- 
verse, approximately even with reverse branch surface. 
Pronounced astogenetic thickening of dissepiments to- 
ward proximal end of zoarium. Obverse dissepiment 
surface with two to four longitudinal ridges emplaced 
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perpendicular to branch length, intermediate-size sty- 
lets, similar in size to obverse branch stylets, develop 
atop these ridges; stylets become irregularly positioned 
across dissepiments with astogeny; reverse dissepi- 
ment surface with single medially thickened ridge bear- 
ing intermediate-size microstylets. Obverse dissepi- 
ment surface texture moderately granular, reverse 
surface texture granular, both coarsening with asto- 
geny. Dissepiments emplaced perpendicular to branch 
length. Apertures commonly positioned on proximal 
or distal edge, or in middle of dissepiment edge at 
branch—-dissepiment contact; arranged symmetrically 
or asymmetrically between branches. 

Fenestrule size intermediate; shape varying from el- 
liptical to ovate on obverse surface, becoming rect- 
angular to polygonal with highly angular appearance 
on reverse, elongate proximodistally; highly irregular 
in size and shape; greatly expanding in width and length 
in obverse-reverse direction. Width of fenestrule 
slightly less than that of branch on obverse surface, 
appreciably greater than branch width on reverse; fe- 
nestrule opening size reduced toward proximal end of 
zoarium due to astogenetic thickening of lamellar skel- 
eton. Width to length ratio of fenestrule variable, rang- 
ing from 1:2 to approximately 1:4; ratio of fenestrule 
mean width to length approximately 3:5; width more 
constant than length, both variable. Three to five (most 
commonly four) apertures per fenestrule length; dis- 
tance between closest aperture centers along branch 
and across branch approximately equal, spacing of ap- 
ertures across fenestrule approximately | .3 times great- 
er; spacing along and across branch moderately con- 
stant, spacing across fenestrule variable. 

Autozooecial aperture size intermediate, large rela- 
tive to branch, shape elliptical to ovate, rarely circular; 
elongate proximodistally or proximoabaxially; width 
to length ratio approximately 7:10: size uniform, shape 
variable; opening typically oriented primarily parallel 
to plane of obverse surface, less frequently at slight 
angle toward fenestrule; surrounded by thin, well-de- 
veloped complete peristome. Aperture margins extend 
into fenestrule, causing slight to moderate inflections 
in fenestrule outline on obverse surface. Terminal di- 
aphragms, in places centrally thickened, occurring at 
proximal end of zoarium beneath reticulate meshwork. 

Zoarial supports common, well-developed, form 
primarily as extensions of reverse zoarial surface, less 
frequently from lateral edges of zoarium. 

Interior description.— Branches irregularly ovate in 
transverse section, enlarged on obverse surface, elon- 
gate in obverse-reverse direction, becoming increas- 
ingly elongate with addition of secondary lamellar skel- 
eton during astogeny. Branches thick, moderately 
variable in depth. 

Autozooecial living chamber size intermediate, 


chambers biserially arranged in alternating rows along 
planar branch axial wall; axial wall highly sinuous, 
exhibiting inflections toward and connecting with 
chamber lateral walls near reverse wall, axial wall be- 
coming straight in mid chamber and toward obverse 
surface. Chamber longest dimension very slightly 
greater than depth, elongate parallel to reverse walls 
in proximodistal direction. Autozooecial chamber out- 
line irregularly ovate to rounded pentagonal near re- 
verse wall; rapidly becoming slightly irregularly rect- 
angular throughout mid chamber and most of chamber 
depth; irregularly ovate near obverse surface, longest 
dimension of ovoid oriented distal-abaxially; chamber 
shape highly uniform. Aperture positioned at distal- 
abaxial end of chamber, connected to chamber by well- 
developed vestibule of intermediate length, length 
variable. Ratio of autozooecial chamber minimum 
width to maximum width approximately 4:7; maxi- 
mum width to depth ratio about 7:12; chamber depth 
and length essentially equal; chamber length and depth 
highly constant, maximum and minimum widths high- 
ly variable. Superior and inferior hemisepta both ab- 
sent. Autozooecial chambers diverge laterally from 
middle of branch at highly variable angle (mean of 
18°); from reverse wall at highly constant angle (mean 
of 71°). 

Three-dimensionally reconstructed chamber form a 
slightly irregular square box; length as viewed from 
lateral edge of branch, and depth as viewed from distal 
end of branch approximately equal; width as viewed 
from obverse surface substantially shorter. 

Internal granular skeletal layer thickness interme- 
diate; granular skeletal layer well-developed, contin- 
uous with obverse nodes, stylets, keel, peristome, and 
reticulate meshwork, which is entirely formed of gran- 
ular skeletal material; reverse longitudinal striae and 
stylets; across dissepiments and in the middle of zoarial 
supports. Outer lamellar layer extremely thick, exhib- 
iting pronounced astogenetic thickening, most prom- 
inent toward proximal end of zoarium. 

Remarks.—Hemitrypa perstriata was based on ma- 
terials from the Keokuk Group in Bentonsport and 
Keokuk, Iowa, that emphasized the reverse zoarial sur- 
face and fenestrule dimensions, characters both highly 
dependent on zoarial astogeny. The “‘very narrow fe- 
nestrules and strongly striate branches” used by Ulrich 
(1890, p. 565) to differentiate H. perstriata from H. 
pateriformis Ulrich, 1890 are characters which are ap- 
plicable toward the distal, but not proximal, end of the 
zoarium. As best I can determine from Ulrich’s illus- 
trations (the holotype of H. pateriformis was not found), 
H. pateriformis represents the most proximal end, and 
H. perstriata the most distal end, of zoarial fragments 
from the same species; therefore I am placing H. pa- 
teriformis in synonymy with H. perstriata. 
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Within the hemitrypids, H. perstriata most closely 
resembles H. hemitrypa (Prout, 1859), with pro- 
nounced similarity in autozooecial chamber shape and 
size. Although H. hemitrypa exhibits a characteristi- 
cally greater chamber width than H. perstriata, the 
length and depth of the chambers in the two species 
are essentially the same. H. perstriata is further differ- 
entiated by thicker, deeper branches, coarser mesh with 
larger fenestrule openings, greater number of apertures 
per fenestrule length, and larger aperture openings. 

The approximately equal length and depth of the 
autozooecial chambers in these two species group them 
together, separating them from other hemitrypids which 
characteristically have lengths substantially greater than 
widths. Reticulate meshwork in these two species is 
also not typically as well-developed as in other hem- 
itrypids. 

Those similarities in chamber shape and size ob- 
served in H. perstriata and H. hemitrypa suggest close 
phylogenetic affinity. 

Material studied.—Fourty exterior fragments, 17 
sectioned specimens; largest zoarial fragment 62 x 44 
mm (width to length). The preservation of zoarial frag- 
ments is excellent as a result of the robust nature of 
zoarium. The relatively delicate character of the retic- 
ulate meshwork results in its common compaction onto 
the obverse zoarial surface. 

Occurrence. — Hemitypa perstriata is most abundant 
in the northern half of the study area, although it is 
also found in lesser numbers in the southern portion. 
As its im situ occurrences are primarily in lower energy 
depositional environments, it is commonly found in 
argillaceous micrites and biomicrites. 

Syntypes.—ISGS (ISM) 2717 and USNM 43766 were 
apparently both figured by Ulrich (1890). 

Figured and/or measured specimens.—UI1 X-6934, 
6886, 6887, 6859-6862 (loc. 10, samples 28, 29), 6730, 
6731 (loc. 47A, samples 32, 35), 6924-6927, 6847- 
6850 (loc. 11, samples 52, 57). 


Hemitrypa hemitrypa (Prout, 1859) 
Plate 41, figures 6, 7, Plate 42, figures 1-12, 
Plate 43, figures 1-9; Table 33 


Fenestella hemitrypa Prout, 1859, p. 444, pl. 17, figs. 4, 4a [Second 
Archimedes Limestone, Barrett’s Station, St. Louis County, Mis- 
souri]. 

Hemitrypa proutana Ulrich, 1890, p. 560, pl. 57, figs. 1-lc [Keokuk 
Group, Warsaw, Illinois, Keokuk, Iowa. Warsaw Beds, Monroe 
County and Warsaw, Illinois, Barrett’s Station, Missouri]; Trizna, 
1958, p. 25, pl. 43, figs. 3-6, pl. 44, figs. 1-3. 

Hemitrypa hemitrypa Prout. Keyes, 1894, p. 25. 


Diagnosis.—Zoarium moderately robust, mesh 
spacing intermediate, pattern regular; reticulate mesh- 
work present, intermediately to poorly developed, po- 
lygonal in shape; branch robustness lower-end inter- 
mediate, narrow in width, medium in depth; branches 


Table 33.—Summary numerical analysis of Hemitrypa hemitrypa 
(Prout, 1859). For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.2550 0.0460 18.08  0.145-0.356 
2. DBC 24 0.4800 0.0580 12.08  0.352-0.572 
3. WD 24 0.1663 0.0345 20.72  0.106-0.231 
4. LF 24 0.4513 0.0821 = =18.20 = 0.252-0.575 
5. WE 24 0.2625 0.0518 19.72 0.156-0.425 
6. AF 24 2.50 0.51 20.43 2-3 
7. AL 24 0.1220 0.0083 6.80  0.096-0.146 
8. AW 24 0.0880 0.0066 7.47  0.066-0.114 
9. ADB 24 0.2215 0.0208 9.40  0.170-0.288 
10. AAB 24 0.2320 0.0274 11.82 0.156-0.282 
11. ABB 24 0.2925 0.0503 17.20  0.208-0.394 
12. DN 24 0.1128 0.0099 8.82 0.072-0.170 
14. SNB 24 0.4620 0.0558 12.08 0.360-0.612 
15. WK 24 0.0920 0.0206 22.40 0.046-0.163 
16. DSO 24 0.0114 0.0032 38.07 0.006-0.023 
17. SSO 24 0.0286 0.0010 34.96  0.014-0.071 
18. WP 24 0.0155 0.0343 22.18  0.007-0.032 
21. RSL 24 0.1160 0.0279 24.05 0.074-0.146 
22. RSS 24 0.0143 0.0023 16.15  0.008-0.020 
23. SSL 24 0.5800 0.2197 37.88  0.240-0.784 
24. SSS 24 0.0286 0.0076 26.40  0.013-0.052 
25. LRM 24 0.2260 0.0188 8.33 0.160-0.310 
26. WRM 24 0.2180 0.0228 10.47 0.160-0.322 
30. OL 24 0.2400 0.0265 11.06  0.200-0.298 
31. OW 24 0.2320 0.0228 9.85 0.192-0.300 
32. TRW 24 0.0105 0.0015 15.05  0.009-0.019 
33. TLW 24 0.0092 0.0013 13.83 0.008-0.016 
34. FWT 24 0.0828 0.0341 41.20 0.014-0.161 
35. RWT 24 0.0675 0.0262 38.85 0.016-0.171 
36. CL 24 0.2244 0.0135 6.02 0.205-0.264 
37. CD 24 0.2185 0.0094 4.28  0.198-0.250 
38. MAW 24 0.1625 0.0240 14.75  0.135-0.230 
39. MIW 24 0.1250 0.0208 16.62 0.075-0.171 
40. VD 24 0.0907 0.0262 28.85 0.043-0.176 
41. RA 24 77.00 6.58 8.55 62-85 
42. LA 24 18.00 3.10 17.24 12-26 
43. TB 24 0.3571 0.0759 21.25 0.257-0.593 


straight to slightly sinuous, broadly curved at lateral 
zoarial edge; branches transversely circular to rarely 
ovate, spacing lower-end intermediate, joined at reg- 
ular intervals by intermediate width and length dis- 
sepiments. Fenestrule size lower-end intermediate; 
shape elliptical to ovate on obverse surface, approach- 
ing rectangular to square on reverse, slightly regular. 
Autozooecial aperture size intermediate, elliptical to 
ovate, elongate proximodistally or proximoabaxially, 
rarely approaching circular; surrounded by thin, well- 
developed, complete peristome; two to three apertures 
per fenestrule. Single intermediate-width keel present; 
keel slightly anastomosing, extending along middle of 
obverse branch surface, atop which are upper-end in- 
termediate size, ovate to rarely irregularly stellate nodes. 
Autozooecial chamber size lower-end intermediate, 


2 PALAEONTOGRAPHICA AMERICANA, NUMBER 57 


chambers emplaced in two rows, except either third 
row at sites of branch bifurcation or three rows for 
moderate to pronounced distances proximal to sites of 
branch bifurcation; outline irregularly ovate to round- 
ed pentagonal near reverse wall, irregularly pentagonal 
to approaching rectangular throughout most of cham- 
ber depth; irregularly ovate near obverse surface. 
Chamber longest dimension very slightly greater than 
depth, slightly elongate parallel to reverse wall in prox- 
imodistal direction. Aperture at proximodistal or dis- 
tal-abaxial end of chamber, connected to chamber by 
intermediate and variable length vestibule. Superior 
and inferior hemisepta both absent. Lateral-wall bud- 
ding-angle highly variable (mean of 18°); reverse-wall 
budding-angle constant (mean of 77°). Heterozooecia 
(ovicells?) occurring as intermediate size enlargements 
of some apertures. Table 33 presents statistical criteria 
used in delimiting this species. 

Exterior description.—Zoarium moderately robust, 
expansion flat, obversely or reversely curved or un- 
dulating, fan-shaped; mesh spacing intermediate; pro- 
nounced astogenetic thickening of both obverse and 
reverse zoarial skeleton; external zoarial pattern reg- 
ular. Intermediately to poorly developed reticulate 
meshwork covering primarily proximal and medial ob- 
verse zoarial surface, absent at lateral and distal edges 
of zoarium; reticulate meshwork slightly thickened 
along branch midline, with mesh forming as secondary 
extension of keel, nodes, and dissepiments; meshwork 
develops toward fenestrule from branch midline and 
dissepiment surface to form polygonal features cov- 
ering obverse zoarial surface, each facet of polygon 
developing around single apertural opening; width and 
length of meshwork dimensions approximately same 
as aperture spacing along and across obverse branch 
surface; width six-sevenths that of branch, meshwork 
opening width to length ratio approximately 1:1; vari- 
able number, three to seven, nodular extensions into 
meshwork opening from mesh skeletal edge. Probable 
mature zoarial widths 30 to 40 mm, lengths 35 to 50 
mm. 

Branch robustness lower-end intermediate; branches 
narrow, slightly variable in width; straight to exhibiting 
slight inflections toward sites of dissepiment emplace- 
ment, lateralmost branches frequently broadly curved 
toward edge of zoarium. Branch spacing lower-end in- 
termediate, distance between adjacent branch centers 
highly regular. Obverse surface texture granular, coars- 
ening with astogeny; surface rounded, except for pres- 
ence of single keel; keel width intermediate, well-de- 
veloped, continuous, slightly anastomosing, positioned 
along branch midline and causing pronounced positive 
inflection in obverse surface profile. Pronounced as- 
togenetic thickening of keel; most pronounced toward 
proximal end of zoarium. Nodes monoserially em- 


placed, well-developed, size upper-end intermediate, 
irregularly ovate to more rarely irregularly stellate, 
elongate proximodistally; nodes highly regular in size, 
moderately variable in shape; develop as projections 
from middle of keel; one to two (most commonly one) 
per fenestrule length; spacing intermediate, even; pro- 
nounced increase of node diameter with astogeny. 
Lower-end intermediate stylets, variably sized and po- 
sitioned, occurring across obverse branch surface. Re- 
verse surface texture granular, coarsening with asto- 
geny, bearing relatively few rows of intermediately 
spaced longitudinal striae, which become covered by 
lamellar skeleton during astogeny; rows of small, close- 
ly spaced microstylets develop as extensions of lon- 
gitudinal striae along reverse branch surface; micro- 
stylet diameters increase with astogeny, microstylets 
become more variably positioned across reverse branch 
surface. Large macrostylets present along reverse branch 
midline; shape circular to ovate, elongate proximodis- 
tally, with size and shape barely regular; one to two 
macrostylets per fenestrule length, most common 
placement at branch—dissepiment junction; macrosty- 
let spacing highly irregular, with size of macrostylets 
greatly increasing during astogeny. Autozooecia in two 
rows across branch, except either third row at sites of 
branch bifurcation where middle autozooecium evi- 
dently shared by both branches, or three rows for mod- 
erate to pronounced distances proximal to sites of 
branch bifurcation; moderate thickening proximal, 
slight thinning distal to sites of branch bifurcation. 
Heterozooecia (ovicells?) occurring as intermdiate-size 
enlargements of some apertures; mean width and length 
of polymorphs approximately twice autozooecial ap- 
erture length; connection between polymorph and au- 
tozooecial chamber probable; polymorphs most com- 
monly situated toward proximal end of zoarium. 
Dissepiments of intermediate width, approximately 
two-thirds of branch width, variable; length interme- 
diate, constant; connect branches at regular intervals. 
Dissepiments exhibit moderate medial thinning, slight 
flaring at branch—dissepiment junction; slightly re- 
cessed from obverse, approximately even with reverse 
branch surface. Pronounced astogenetic thickening of 
dissepiments toward proximal end of zoarium. Ob- 
verse dissepiment surface with two to four longitudinal 
ridges emplaced perpendicular to branch length, small 
stylets similar in size to obverse branch stylets develop 
atop these ridges; stylets become irregularly positioned 
across dissepiments with astogeny; reverse dissepi- 
ment surface with medially thickened ridge bearing 
rows of intermediate-size microstylets. Obverse and 
reverse surface textures granular, coarsening with as- 
togeny. Dissepiments emplaced perpendicular to 
branch length. Apertures commonly positioned on 
proximal or distal edge, or in middle of dissepiment 
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edge at branch—-dissepiment contact, arranged sym- 
metrically or asymmetrically between branches. 

Fenestrule size lower-end intermediate; shape vary- 
ing from elliptical to ovate on obverse zoarial surface, 
approaching rectangular to square on reverse, elongate 
proximodistally; slightly regular in size, moderately 
regular in shape; greatly expanding in width and length 
in obverse-reverse direction. Width of fenestrule less 
than that of branch on obverse surface, appreciably 
greater than branch width on reverse; fenestrule open- 
ing size reduced toward proximal end of zoarium due 
to astogenetic thickening of lamellar skeleton. Width 
to length ratio of fenestrule variable, ranging from ap- 
proximately 1:1 to 1:3; ratio of fenestrule mean width 
to length approximately 7:12; both width and length 
barely constant. Two to three apertures per fenestrule 
length (mean of 2.5); distance between closest aperture 
centers along branch and across branch approximately 
equal, spacing across fenestrule approximately |.3 times 
greater; spacing along and across branch moderately 
constant, spacing across fenestrule variable. 

Autozooecial aperture size intermediate, moderately 
large relative to branch, shape elliptical to ovate, rarely 
approaching circular; elongate proximodistally or 
proximoabaxially; width to length ratio approximately 
7:11; size uniform, shape variable; opening orientation 
ranging from parallel to plane of obverse surface to 
slight angle toward fenestrule; surrounded by thin, well- 
developed, complete peristome. Aperture margins ex- 
tend into fenestrule, causing moderate inflections in 
fenestrule outline on obverse surface. Centrally thick- 
ened terminal diaphragms persent, occurring most 
commonly at proximal end of zoarium beneath over- 
lying reticulate meshwork. 

Zoarial supports develop as extensions of reverse 
zoarial surface and lateral edges of zoarium. 

Interior description.— Branches most commonly cir- 
cular, rarely ovate, in transverse section, slightly en- 
larged on obverse surface; elongate in obverse—reverse 
direction when ovate, becoming increasingly elongate 
with addition of secondary lamellar skeleton during 
astogeny. Branches medium, moderately variable in 
depth. 

Autozooecial living chamber size lower-end inter- 
mediate, chambers biserially arranged in alternating 
rows along planar branch axial wall; axial wall zigzag- 
ging near reverse wall, extending diagonally across en- 
tire branch; axial wall becoming less sinuous in mid 
chamber, inflected toward and connecting with cham- 
ber lateral walls, only slightly sinuous near obverse 
surface. Chamber longest dimension very slightly 
greater than depth, elongate parallel to reverse wall in 
proximodistal direction. Autozooecial chamber out- 
line irregularly ovate to rounded pentagonal near re- 
verse wall, rapidly becoming irregularly pentagonal to 


approaching rectangular throughout mid chamber and 
most of chamber depth; irregularly ovate near obverse 
surface, longest dimension of ovoid oriented proxi- 
modistally or slightly distal-abaxially; chamber shape 
moderately uniform. Aperture positioned at proxi- 
modistal or distal-abaxial end of chamber, connected 
to chamber by well-developed, intermediate-length 
vestibule; vestibule length highly variable. Ratio of 
autozooecial chamber minimum width to maximum 
width approximately 3:4; maximum width to depth 
ratio approximately 5:7; chamber depth and length 
essentially equal; chamber depth and length highly 
constant, minimum and maximum widths highly vari- 
able. Superior and inferior hemisepta both absent. Au- 
tozooecial chambers diverge laterally from middle of 
branch at highly variable angle (mean of 18°); from 
reverse wall at constant angle (mean of 77°). 

Three-dimensionally reconstructed chamber form a 
slightly irregular cubic box; length as viewed from lat- 
eral edge of branch, and depth as viewed from distal 
end of branch approximately equal; width as viewed 
from obverse surface moderately shorter. 

Internal granular skeletal layer thickness interme- 
diate; granular skeletal layer well-developed, contin- 
uous with obverse nodes, stylets, keel, peristome, and 
reticulate meshwork (completely composed of granular 
skeletal material); reverse longitudinal striae, micro- 
stylets and macrostylets; across dissepiments and in 
middle of zoarial supports. Outer lamellar layer thick- 
ness intermediate to thick, exhibiting pronounced as- 
togenetic thickening most prominent toward proximal 
end of zoarium. 

Remarks.—Fenestella hemitrypa was described by 
Prout (1859) from the Second Archimedes Limestone 
(Keokuk Limestone) at Barrett’s Station in St. Louis 
County, Missouri. The specimen reported by Prout 
lacked reticulate meshwork, and therefore he placed 
the species in Fenestella Lonsdale, 1839. Ulrich (1890) 
found zoaria having the same exterior appearance which 
contained reticulate meshwork locally across the ob- 
verse surface, and for this reason, Ulrich renamed the 
species Hemitrypa proutana for Prout, who originally 
described it. The original name H. hemitrypa is herein 
reapplied, as it has priority. 

Ulrich noted similarities between H. hemitrypa and 
H. plumosa (Fenestella plumosa Prout, 1860); the two 
species were distinguished by the latter’s coarser mesh 
spacing and restriction to the Keokuk Formation. 

H. hemitrypa closely resembles H. perstriata in au- 
tozooecial chamber shape and size, although the for- 
mer characteristically exhibits greater chamber width 
than the latter. H. hemitrypa also has narrower, thinner 
branches, finer mesh with smaller fenestrule openings, 
fewer apertures per fenestrule length, and smaller ap- 
erture openings. 
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I consider H. hemitrypa var. nodulosa Ulrich, 1890 
to represent a different astogenetic stage of H. hemi- 
trypa, as well as a possible response to different de- 
positional environments. 

Material studied.—Fourty-eight exterior fragments, 
12 sectioned specimens; largest zoarial fragment 22 x 32 
mm (width to length). The zoarial fragments are well 
preserved, but the reticulate meshwork commonly is 
compacted onto obverse zoarial surfaces. 

Occurrence.—Hemitrypa hemitrypa is common 
throughout the Warsaw in the study area, primarily 
occurring in argillaceous micrites, biomicrites, and fa- 
cies thought to have had moderate- to low-energy de- 
positional environments. 

Syntypes.—ISGS(UISM) 2818-1/2; USNM 43371. 

Figured and/or measured specimens.—UI X-6844 
(loc. 11, sample 55), 6845, 6928-6933 (loc. 10, samples 
28, 33), 6846, 6853, 6858, 6943 (loc. 49B, samples 12, 
14). 


Hemitrypa aprilae, new species 
Plates 44, figures 1-10, Plate 45, figures 1-8; Table 34 


Etymology of name.— Named for the month of April, 
without doubt the finest time to do field work along 
the Mississippi. 

Diagnosis.—Zoarium moderately robust, mesh 
spacing close, pattern regular; reticulate meshwork 
present, extremely well-developed, polygonal (primar- 
ily hexagonal) in shape; branch robustness and width 
intermediate, deep in thickness; branches straight, 
broadly curved at lateral zoarial edge; transversely ap- 
proximately circular, becoming ovate to elliptical with 
astogeny, closely spaced and joined at moderately vari- 
able intervals by intermediate-width, short dissepi- 
ments. Fenestrules small; shape elliptical to ovate on 
obverse surface, approaching rectangular on reverse, 
moderately irregular. Autozooecial aperture size in- 
termediate, irregularly ovate, elongate proximo- 
abaxially, more rarely proximodistally to rarely cir- 
cular, surrounded by lower-end intermediate width, 
well-developed, complete peristome; two to three ap- 
ertures per fenestrule (mean of 2.5). Single interme- 
diate-width keel present; keel anastomosing, extending 
along middle of obverse branch surface, atop which 
develop upper-end intermediate size, irregularly stel- 
late to more rarely ovate nodes. Autozooecial chamber 
size lower-end intermediate, chambers emplaced in 
two rows, except either third row at sites of branch 
bifurcation or three rows for moderate to pronounced 
distances proximal to sites of branch bifurcation; out- 
line irregularly ovate to rounded triangular near re- 
verse wall; irregularly pentagonal throughout most of 
chamber depth, approaching rectangular nearer ob- 
verse surface; irregularly ovate to elliptical nearest ob- 
verse surface. Chamber longest dimension parallel to 


Table 34.—Summary numerical analysis of Hemitrypa aprilae, n. 
sp. For explanation of abbreviations of characters (left column), see 
Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.3627 0.0470 12.96  0.320-0.431 
2. DBC 24 0.4465 0.0625 14.00 0.375-0.520 
3. WD 24 0.2205 0.0485 21.97 0.156-0.325 
4. LF 24 0.3958 0.0835 21.10 0.225-0.475 
5. WF 24 0.1901 0.0351 18.46 0.125-0.320 
6. AF 24 2.50 0.52 20.89 2-3 
Ti AMG 24 0.1238 0.0104 8.40  0.098-0.150 
8. AW 24 0.0847 0.0108 12.00  0.062-0.106 
9. ADB 24 0.2435 0.0230 9.45 0.210-0.280 
10. AAB 24 0.2355 0.0233 9.89  0.208-0.272 
11. ABB 24 0.2567 0.0511 19.91 0.160-0.352 
12. DN 24 0.1138 0.0269 23.64 0.082-0.160 
14. SNB 24 0.2598 0.0072 29.72 0.160-0.440 
15. WK 24 0.0761 0.126 16.56 0.061-0.105 
16. DSO 24 0.0156 0.0035 22.44 0.011-0.021 
17. SSO 24 0.0497. 0.0203 40.85 0.019-0.084 
18. WP 24 0.0269 0.0068 25.28 0.016-0.043 
22. RSS 24 0.0192 0.0037 19.27 0.013-0.030 
24. SSS 24 0.0316 0.0093 29.43 0.020-0.055 
25. LRM 24 0.2460 0.0238 9.67 0.151-0.320 
26. WRM 24 0.2208 0.0297 13.45 0.141-0.309 
30. OL 12 0.2242 0.0244 10.88  0.195-0.284 
31. OW 12 0.1955 0.0241 12.33 0.167-0.264 
32. TRW 24 0.0133 0.0029 21.80 0.008-0.022 
33. TLW 24 0.0111 0.0018 16.22 0.009-0.015 
34. FWT 24 0.1178 0.0339 28.78  0.065-0.186 
35. RWT 24 0.1805 0.0759 42.05 0.096-0.375 
36. CL 24 0.2240 0.0148 6.61 0.205-0.249 
37. CD 24 0.1769 0.0091 5.14 0.161-0.195 
38. MAW 24 0.1595 0.0247 15.49  0.125-0.200 
39. MIW 24 0.1030 0.0205 19.90  0.068-0.133 
40. VD 24 0.1361 0.0413 30.35 0.088-0.225 
41. RA 24 66.00 4.36 6.61 58-76 
42. LA 24 20.00 4.21 21.54 162-24 
43. TB 24 0.4851 0.0843 17.38 0.388-0.612 


reverse wall in proximodistal direction. Aperture at 
distal-abaxial end of chamber, connected to chamber 
by moderately long, variable-length vestibule. Superior 
and inferior hemisepta both absent. Lateral-wall bud- 
ding-angle highly variable (mean of 20°); reverse-wall 
budding-angle highly constant (mean of 66°). Hetero- 
zooecia (ovicells?) occurring as intermediate to pro- 
nounced enlargements of some apertures. 

Table 34 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium moderately robust, 
expansion most commonly flat, more rarely obversely 
or reversely curved, or undulating, fan-shaped; mesh 
spacing close; pronounced astogenetic thickening of 
both obverse and reverse zoarial skeleton; external 
zoarial pattern regular. Extremely well-developed re- 
ticulate meshwork covering obverse zoarial surface with 
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astogeny, absent only at lateral and distal edges of zoar- 
ium; reticulate meshwork exhibiting pronounced 
thickening along branch midline, with mesh forming 
as secondary extension of keel, nodes, and dissepi- 
ments; meshwork develops toward fenestrule from 
branch midline and dissepiment surface to form po- 
lygonal (primarily hexagonal) features covering ob- 
verse zoarial surface, each facet of polygon (hexagon) 
developing around single apertural opening; width and 
length of meshwork dimensions approximately same 
as aperture spacings along and across obverse branch 
surface; width approximately three-fifths that of branch, 
mesh opening width to length ratio approximately 9: 
10; variable number, three to six (most commonly 
four) nodular extensions into meshwork opening from 
mesh skeletal edge. Probable mature zoarial widths 20 
to 60 mm, lengths 30 to 55 mm. 

Branch robustness intermediate, width intermedi- 
ate, moderately constant; straight, except lateral 
branches broadly curved toward edge of zoarium. 
Branches closely spaced, distance between adjacent 
branch centers regular. Obverse surface texture mod- 
erately granular, coarsening with astogeny, surface 
rounded to slightly angular, except for presence of sin- 
gle keel; keel width intermediate, extremely well-de- 
veloped, continuous, anastomosing, extending along 
branch midline and causing pronounced positive in- 
flection in obverse surface profile. Pronounced asto- 
genetic thickening of keel; most pronounced toward 
proximal end of zoarium. Nodes monoserially em- 
placed, well-developed, size upper-end intermediate, 
shape typically irregularly stellate, more rarely ovate, 
elongate proximodistally; nodes moderately regular in 
size, variable in shape; one to three (most commonly 
two) per fenestrule length; spacing lower-end inter- 
mediate, uneven; pronounced increase of node di- 
ameter with astogeny. Intermediate-size stylets, vari- 
ably sized and highly variably positioned, occurring 
across obverse surface. Reverse surface texture gran- 
ular, coarsening with astogeny, bearing an intermediate 
number of rows of closely spaced longitudinal striae, 
which become completely covered by lamellar skeleton 
during astogeny; rows of intermediate size microsty- 
lets, closely spaced, develop as extensions of longitu- 
dinal striae along reverse branch surface, microstylets 
slightly regular in size; microstylet diameters increase 
with astogeny, microstylets become more variably po- 
sitioned across reverse branch surface. Autozooecia in 
two rows, except third row at sites of branch bifurca- 
tion where middle autozooecium evidently shared by 
both branches, or three rows for moderate to pro- 
nounced distances proximal to sites of branch bifur- 
cation; moderate thickening proximal, slight thinning 
distal to sites of branch bifurcation. Heterozooecia 
(ovicells?) occurring as intermediate to pronounced en- 


largements of some apertures; mean widths and lengths 
of polymorphs slightly less than twice autozooecial ap- 
erture length; connection evident between polymorph 
and autozooecial chamber; polymorphs most com- 
monly situated toward proximal end of zoarium. 

Dissepiments of intermediate width, approximately 
three-fifths branch width, moderately variable; short, 
moderately constant in length; connect branches at 
moderately variable intervals. Dissepiments barlike at 
distal end of zoarium, exhibiting only slight flaring at 
branch—dissepiment junction; exhibiting greater me- 
dial thinning and less barlike nature toward proximal 
end of zoarium; highly recessed from obverse, ap- 
proximately even with reverse branch surface. Pro- 
nounced astogenetic thickening of dissepiments to- 
ward proximal end of zoarium; highly recessed from 
obverse, approximately even with reverse branch sur- 
face. Obverse dissepiment surface with two to four 
longitudinal ridges emplaced perpendicular to branch 
length, intermediate stylets similar in size to obverse 
branch stylets develop atop these ridges; stylets become 
irregularly positioned across dissepiment surface and 
striae become covered by lamellar skeleton with as- 
togeny; reverse dissepiment surface with medially 
thickened ridge bearing intermediate-size microstylets. 
Obverse and reverse dissepiment surface texture gran- 
ular, coarsening with astogeny. Dissepiment emplace- 
ment typically perpendicular to branch length, more 
rarely at a slight angle from perpendicular. Apertures 
commonly positioned on proximal or distal edge, or 
in middle of dissepiment edge at branch—dissepiment 
contact, arranged symmetrically or asymmetrically be- 
tween branches. 

Fenestrules small; shape varying from elliptical to 
ovate on obverse surface, to approaching rectangular 
on reverse, elongate proximodistally; moderately ir- 
regular in size and shape; expanding in width and length 
in obverse-reverse direction. Width of fenestrule 
slightly less than half branch width on obverse surface, 
slightly greater than half branch width on reverse; fe- 
nestrule opening size greatly reduced toward proximal 
end of zoarium due to astogenetic thickening of la- 
mellar skeleton. Width to length ratio of fenestrule 
ranging from approximately 1:2 to nearly 1:4; ratio of 
fenestrule mean width to length approximately 1:2, 
length slightly more variable than width, both variable; 
two to three apertures per fenestrule length (mean of 
2.5); distance between closest aperture centers along 
branch, across branch, and across fenestrule approxi- 
mately equal; spacing along and across branch mod- 
erately constant, spacing across fenestrule variable. 

Autozooecial aperture size intermediate, moderately 
large relative to branch, shape irregularly ovate to rare- 
ly circular, enlarged at distal end, typically elongate 
proximoabaxially, more rarely proximodistally; width 
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to length ratio approximately 2:3; size moderately uni- 
form, shape moderately variable; opening oriented 
typically parallel to plane of obverse surface, less com- 
monly at slight angle toward fenestrule; surrounded by 
lower-end intermediate width, well-developed com- 
plete peristome. Moderate projections of apertures into 
fenestrule, causing inflections in fenestrule outline on 
obverse surface. Centrally thickened terminal dia- 
phragm present, occurring most commonly at proxi- 
mal end of zoarium beneath overlying reticulate mesh- 
work. 

Zoarial supports common, develop as extensions of 
reverse zoarial surfaces. 

Interior description.—Branches approximately cir- 
cular in transverse section; becoming irregularly ovate 
to elliptical, elongate in obverse-reverse direction with 
addition of secondary lamellar skeleton during asto- 
geny. Branches thick, moderately variable in depth. 

Autozooecial living chamber size lower-end inter- 
mediate, chambers biserially arranged in alternating 
rows along planar branch axial wall; axial wall zigzag- 
ging near reverse wall, extending diagonally across en- 
tire branch; axial wall becoming less sinuous in mid 
chamber, inflected toward and connecting with cham- 
ber lateral walls, only slightly sinuous near obverse 
surface. Chamber longest dimension parallel to reverse 
wall in proximodistal direction. Autozooecial chamber 
outline irregularly ovate to rounded triangular near 
reverse wall, rapidly becoming irregularly pentagonal 
throughout mid chamber and most of chamber depth, 
approaching rectangular nearer obverse surface; be- 
coming irregularly ovate to elliptical nearest obverse 
surface, longest dimension oriented distal-abaxially; 
chamber shape moderately uniform. Aperture located 
at distal-abaxial end of chamber, connected to cham- 
ber by well-developed, moderately long, variable-length 
vestibule. Ratio of autozooecial chamber minimum 
width to maximum width approximately 2:3; maxi- 
mum width to depth ratio approximately 9:10; ratio 
of chamber depth to length about 4:5; chamber depth 
and length highly constant, minimum and maximum 
widths highly variable. Superior and inferior hemisep- 
ta both absent. Autozooecial chambers diverge later- 
ally from middle of branch at highly variable angle 
(mean of 20°); from reverse wall at highly constant 
angle (mean of 66°). 

Three-dimensionally reconstructed chamber form 
an irregular rectangular box; length as viewed from 
lateral edge of branch; depth, viewed from distal end 
of branch, slightly greater than width, viewed from 
obverse surface. 

Internal granular skeletal layer moderately thick, well- 
developed, continuous with obverse nodes, stylets, keel, 
peristome, and reticulate meshwork, which is com- 
pletely composed of granular skeletal material; reverse 


longitudinal striae and microstylets; across dissepi- 
ments and in the middle of zoarial supports. Outer 
lamellar layer extremely thick, exhibiting pronounced 
astogenetic thickening, most prominent toward prox- 
imal end of zoarium. 

Remarks.—Pronounced astogenetic thickening, 
which gives a highly varied appearance to the exterior 
reverse and to a lesser degree the obverse surface, char- 
acterizes H. aprilae. This species most closely resem- 
bles H. aspera Ulrich, 1890 among the species of 
Hemitrypa, but the two species are differentiated by 
the appreciably wider and deeper branches, slightly 
shorter and wider autozooecial chambers, moderately 
larger and narrower fenestrule openings, and lack of 
reverse macrostylets in H. aprilae. Similarities between 
H. aprilae and H. aspera do, however, suggest close 
phylogenetic affinities. 

Material studied.—Twenty-two exterior fragments, 
eight sectioned specimens; largest zoarial fragment 
24x32 mm (width to length). The excellent preser- 
vation, including that of the reticulate meshwork, ob- 
served in this species probably is a result of pronounced 
astogenetic thickening of lamellar skeleton. 

Occurrence.—Hemitrypa aprilae is rare at the Val- 
meyer and St. Louis localities, and occurs primarily in 
the Lower and Middle Warsaw at these localities. It is 
present in both calcarenites and shales. 

Holotype.—UI X-6867 (loc. 49B, sample 15). 

Paratypes.— U1 X-6865, 6866, 6935-6939 (loc. 49B, 
samples 12, 13). 


Hemitrypa aspera Ulrich, 1890 
Plate 46, figures 1-13, Plate 47, figures 1-6; Table 35 


Hemitrypa aspera Ulrich, 1890, p. 563, pl. 57, figs. 3a, 4-4f [Keokuk 
Group, Nauvoo, Illinois, Keokuk and Bentonsport, Iowa]; Keyes, 
1894, p. 25 [Keokuk Limestone, Keokuk, Iowa]. 


Diagnosis.—Zoarium moderately delicate, mesh 
spacing lower-end intermediate, pattern moderately 
regular; reticulate meshwork present, well-developed, 
polygonal in shape; branches delicate, width narrow, 
intermediate in depth, branches straight to broadly sin- 
uous, lateral branches broadly curved at zoarial edge; 
transversely approximately circular, becoming ellip- 
tical to ovate with astogeny, closely spaced and joined 
at moderately regular intervals by lower-end inter- 
mediate width, short dissepiments. Fenestrules small; 
shape elliptical to ovate on obverse surface, approach- 
ing rectangular to square on reverse, irregular. Auto- 
zooecial aperture size intermediate, ovate, elongate 
proximodistally or proximoabaxially, to rarely circu- 
lar; surrounded by thin, well-developed, complete per- 
istome; one to three (most commonly two) apertures 
per fenestrule. Single intermediate width keel present; 
keel straight to anastomosing, extending along middle 
of obverse branch surface, atop which are intermediate 
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Table 35.—Summary numerical analysis of Hemitrypa aspera Ul1- 
rich, 1890. For explanation of abbreviations of characters (left col- 
umn), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.2750 0.0447 16.25 0.156-0.388 
2. DBC 24 0.4250 0.0734 17.27 0.273-0.584 
3. WD 24 0.1385 0.0294 21.23 0.108-0.294 
4. LF 24 0.3540 0.1128 31.86 0.200-0.488 
5. WF 24 0.2400 0.0531 22.13 0.138-0.356 
6. AF 24 2225 0.45 20.10 1-3 
7. AL 24 0.1300 0.0087 6.69  0.104-0.156 
8. AW 24 0.0880 0.0065 7.39 0.072-0.126 
9. ADB 24 0.2400  =0.0173 TQ 0.204-0.270 
10. AAB 24 0.2580 0.0279 10.81 0.186-0.276 
11. ABB 24 0.2670 0.0388 14.53 0.2140.385 
12. DN 24 0.1060 0.0119 11.23 0.072-0.200 
14. SNB 24 0.2880 0.0467 16.23 0.194-0.388 
15. WK 24 0.0888 0.0159 17.91  0.038-0.139 
16. DSO 24 0.0165 0.0043 36.06 0.008-0.028 
17. SSO 24 0.0465 0.0181 38.92 0.024—-0.120 
18. WP 24 0.0212 0.0035 16.51 0.020-0.038 
21. RSL 24 0.0740 0.0187 25.27 0.046-0.126 
22. RSS 24 0.0320 0.0043 13.44 0.018-0.058 
23. SSL 24 0.1120 0.0360 32.14 0.068-0.248 
24. SSS 24 0.0425 0.0089 20.94 0.034—-0.088 
25. LRM 24 0.2450 0.0227 9.27 0.132-0.320 
26. WRM 24 0.2240 0.0296 13.21 0.120-0.336 
30. OL 24 0.2420 0.0514 21.24 0.160-0.360 
31. OW 24 0.2400 0.0450 18.75 0.174-0.392 
32. TRW 24 0.0114 0.0020 17.54 0.009-0.026 
33. TLW 24 0.0104 0.0014 13.46 0.008-0.019 
34. FWT 24 0.0428 0.0172 40.19 0.013-0.126 
35. RWT 24 0.0721 0.0231 32.04 0.021-0.135 
36. CL 24 0.2385 0.0115 4.84 0.225-0.295 
37. CD 24 0.1620 0.0111 6.85 0.146-0.220 
38. MAW 24 0.1325 0.0228 2 0.102-0.200 
39. MIW 24 0.0750 0.0142 18.93 0.033-0.128 
40. VD 24 0.0450 ~=—0.0101 22.44 0.020-0.091 
41. RA 24 68.50 ST, 8.42 60-84 
42. LA 24 16.65 3.35 20.12 12-31 
43. TB 24 0.4550 0.0684 19.27. 0.368-0.627 


size, circular, ovate to iregularly stellate nodes. Au- 
tozooecial chamber size lower-end intermediate, 
chambers emplaced in two rows, except either third 
row at sites of branch bifurcation or three rows for 
moderate to pronounced distances proximal to sites of 
branch bifurcation; outline irregularly ovate to round- 
ed triangular near reverse wall; irregularly pentagonal 
throughout most of chamber depth; irregularly ovate 
to elliptical near obverse surface. Chamber longest di- 
mension parallel to reverse wall in proximodistal di- 
rection. Aperture at distal-abaxial end of chamber, 
connected to chamber by short, variable-length ves- 
tibule. Superior and inferior hemisepta both absent. 
Lateral-wall budding-angle highly variable (mean of 
approximately 17°); reverse-wall budding-angle con- 
stant (mean of 69°). Heterozooecia (ovicells?) occurring 


as intermediate size enlargements of some apertures. 

Table 35 presents statistical criteria used in delim- 
iting this species. 

Exterior description.— Zoarium moderately delicate, 
expansion flat to undulating, fan-shaped; mesh spacing 
lower-end intermediate; moderate to pronounced as- 
togenetic thickening of both obverse and reverse zoar- 
ial skeleton; external zoarial pattern moderately irreg- 
ular. Well-developed reticulate meshwork present 
throughout obverse surface of zoarium best developed 
typically covering proximal and medial zoarium sur- 
face, less common at lateral and distal edges of zoar- 
ium; reticulate meshwork slightly thickened along 
branch midline, with mesh forming as secondary ex- 
tensions of keel, nodes, and dissepiments; meshwork 
develops toward fenestrule from branch midline and 
dissepiment surface to form irregularly polygonal 
(ranging from square to hexagonal in shape) features 
covering obverse zoarial surface, each facet of polygon 
developing around single apertural opening; width and 
length of meshwork dimensions approximately same 
as aperture spacings along and across obverse branch 
surface; width approximately same as aperture spac- 
ings along and across obverse branch surface; width 
approximately four-fifths that of branch, meshwork 
opening width to length ratio approximately 11:12; 
three to seven (most commonly four) nodular exten- 
sions into meshwork opening from mesh skeletal edge. 
Probable mature zoarial widths 25 to 40 mm, lengths 
30 to 50 mm. 

Branches delicate, narrow, moderately variable in 
width; straight to broadly sinuous, lateral branches 
broadly curved toward edge of zoarium. Branches 
closely spaced, distance between adjacent branch cen- 
ters moderately regular. Obverse surface texture mod- 
erately granular, becoming increasingly so with asto- 
geny, surface rounded to slightly angular, except for 
presence of single keel; keel width intermediate, ex- 
tremely well-developed, continuous, straight to anas- 
tomosing, extending along branch midline and causing 
pronounced positive inflection in obverse surface pro- 
file. Pronounced astogenetic thickening of keel; most 
pronounced toward proximal end of zoarium. Nodes 
monoserially emplaced, well-developed, intermediate- 
size, shape circular, ovate to irregularly stellate, elon- 
gate proximodistally; nodes highly regular in size, vari- 
able in shape; develop as projections from middle of 
keel; one to three (most commonly two) per fenestrule 
length; spacing intermediate, moderately even; pro- 
nounced increase of node diameter with astogeny. In- 
termediate-size stylets, highly variably sized and po- 
sitioned, occurring across obverse surface. Reverse 
surface texture granular, becoming increasingly so with 
astogeny, bearing few rows of widely spaced longtu- 
dinal striae which become partially to completely cov- 


118 PALAEONTOGRAPHICA AMERICANA, NUMBER 57 


ered by lamellar skeleton during astogeny; rows of large 
microstylets, closely spaced, develop as extensions of 
longitudinal striae along reverse branch surface; during 
astogeny bimodal development of reverse microstylets 
occurs, with some microstylets remaining relatively 
unchanged, others joining to form aggregates that be- 
come intermediate-size macrostylets; shape circular to 
ovate, slightly elongate proximodistally, with size and 
shape both variable; irregularly positioned across 
branch surface; spacing close to intermediate, variable, 
with size of macrostylet greatly increasing during as- 
togeny. Autozooecia in two rows, except either third 
row at sites of branch bifurcation where middle au- 
tozooecium evidently shared by both branches, or three 
rows for moderate to pronounced distances proximal 
to sites of branch bifurcation; slight thickening prox- 
imal, thinning distal to sites of branch bifurcation. Het- 
erozooecia (ovicells?) occurring as intermediate to pro- 
nounced enlargements of some apertures; mean widths 
and lengths of polymorphs approximately twice au- 
tozooecial aperture length; polymorph widths and 
lengths approximately equal; connection evident be- 
tween polymorph and autozooecial chamber; poly- 
morphs most commonly situated toward proximal end 
of zoarium. 

Dissepiments of lower-end intermediate width, 
slightly greater than half branch width, variable; short, 
variable in length; connect branches at moderately reg- 
ular intervals. Dissepiments barlike, exhibiting slight 
medial thinning, slight flaring at branch-dissepiment 
junction; highly recessed from obverse, approximately 
even with reverse branch surface. Moderate astoge- 
netic thickening of dissepiments toward proximal end 
of zoarium. Obverse dissepiment surface with two to 
four longitudinal ridges emplaced perpendicular to 
branch length, intermediate stylets similar in size to 
obverse branch stylets develop atop these ridges; stylets 
become irregularly positioned across dissepiment sur- 
face and striae become covered by lamellar skeleton 
with astogeny; reverse dissepiment surface with me- 
dially thickened ridge bearing large microstylets and 
intermediate-size macrostylets. Obverse and reverse 
dissepiment surface texture granular, coarsening with 
astogeny. Dissepiment emplacement variable, ranging 
from perpendicular to branch length to angles up to 
20° from perpendicular. Apertures commonly posi- 
tioned on proximal or distal edge, or in middle of 
dissepiment edge at branch-dissepiment contact, ar- 
ranged symmetrically or asymmetrically between 
branches. 

Fenestrules small; shape varying from elliptical to 
ovate on obverse surface, approaching rectangular to 
square on reverse, elongate proximodistally; irregular 
in size and shape; moderately expanding in width and 
length in obverse-reverse direction. Width of fenes- 


trule slightly less than branch width on obverse surface, 
slightly greater than branch width on reverse; fenes- 
trule opening size greatly reduced toward proximal end 
of zoarium due to astogenetic thickening of lamellar 
skeleton. Width to length ratio of fenestrule ranging 
from approximately 4:5 to 1:5; ratio of fenestrule mean 
width to length approximately 2:3, both width and 
length variable, with length more so than width. One 
to three (most commonly two) apertures per fenestrule 
length; distance between closest aperture centers along 
branch, across branch and across fenestrule approxi- 
mately equal; spacing along and across branch mod- 
erately constant to slightly variable, spacing across fe- 
nestrule variable. 

Autozooecial aperture size intermediate, moderately 
large relative to branch, shape ovate to rarely circular; 
elongate proximodistally or proximoabaxially; width 
to length ratio approximately 2:3; size uniform, shape 
moderately variable; opening orientation typically at 
slight angle toward fenestrule, less commonly parallel 
to plane of obverse surface; surrounded by thin, well- 
developed, complete peristome. Moderate projection 
of apertures into fenestrule, causing inflections in fe- 
nestrule outline on obverse surface. Centrally thick- 
ened terminal diaphragms present, occurring most 
commonly at proximal end of zoarium beneath over- 
lying reticulate meshwork. 

Zoarial supports moderately rare, develop as exten- 
sions of reverse zoarial surface and lateral edges of 
zoarium. 

Interior description.—Branches approximately cir- 
cular in transverse section; becoming irregularly ovate 
to elliptical, elongate either obverse-reversely or par- 
allel to plane of obverse surface, with addition of sec- 
ondary lamellar skeleton during astogeny. Branch depth 
medium, moderately variable. 

Autozooecial living chamber size lower-end inter- 
mediate, chambers biserially arranged in alternating 
rows along planar branch axial wall; axial wall zigzag- 
ging near reverse wall, extending diagonally across en- 
tire branch; axial wall becoming less sinuous in mid 
chamber, inflected toward and connecting with cham- 
ber lateral walls, only slightly sinuous near obverse 
surface. Chamber longest dimension parallel to reverse 
wall in proximodistal direction. Autozooecial chamber 
outline irregularly ovate to rounded triangular near 
reverse wall, rapidly becoming irregularly pentagonal 
throughout mid chamber and most of chamber depth; 
irregularly ovate to elliptical near obverse surface, 
longest dimension oriented distal-abaxially; chamber 
shape moderately to highly uniform. Aperture located 
at distal-abaxial end of chamber, connected to cham- 
ber by well-developed, short, variable-length vestibule. 
Ratio of autozooecial chamber minimum width to 
maximum width approximately 5:9; maximum width 
to depth ratio approximately 4:5; ratio of chamber 
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depth to length approximately 2:3; chamber depth and 
length highly constant, minimum and maximum widths 
highly variable. Superior and inferior hemisepta both 
absent. Autozooecial chambers diverge laterally from 
middle of branch at highly variable angle (mean of 
approximately 17°); from reverse wall at constant angle 
(mean of 69°). 

Three-dimensionally reconstructed chamber form 
an irregular rectangular box; length as viewed from 
lateral edge of branch; depth, viewed from distal end 
of branch, moderately greater than width, viewed from 
obverse surface. 

Internal granular skeletal layer relatively thick, well- 
developed, continuous with obverse nodes, stylets, keel, 
peristome, and reticulate meshwork, which is com- 
pletely composed of granular skeletal material; reverse 
longitudinal striae, microstylets and macrostylets; 
across dissepiments and in middle of zoarial supports. 
Outer lamellar layer thickness intermediate to thick, 
exhibiting moderate to pronounced astogenetic thick- 
ening, most prominent toward proximal end of zoar- 
ium. 

Remarks.— Hemitrypa aspera was first identified by 
Ulrich from ‘‘Keokuk Group” materials collected near 
Nauvoo, Illinois and Keokuk and Bentonsport, Iowa. 
Ulrich included what is currently considered the Lower 
Warsaw in his ““Keokuk Group”. H. aspera was rec- 
ognized by Ulrich on the basis of nodes on the reverse 
dissepiment surface and strong spines extending from 
the reticulate meshwork. The presence of both reverse 
microstylets and macrostylets characterizes this spe- 
cies, although spinal development associated with the 
obverse reticulate meshwork is typical of certain as- 
togenetic stages in all species of Hemitrypa Phillips, 
1841. 

H. aspera is distinguished from other species of 
Hemitrypa by having the smallest autozooecial cham- 
ber size of all such species analyzed, the closest spaced 
branches, finest mesh spacing, and presence of mac- 
rostylets on reverse branch and dissepiment surfaces. 
H. aspera is the only Warsaw species which contains 
these macrostylets, thus allowing species recognition 
from the reverse surface. It is, however, desirable to 
have interior analyses as well. 

Material studied.—Thirty-four exterior fragments, 
10 sectioned specimens; largest zoarial fragment 27 x 20 
mm (width to length). The preservation of zoarial frag- 
ments, including reticulate meshwork, is excellent in 
this species. 

Occurrence.—Hemitrypa aspera is common 
throughout the study area, most commonly occurring 
in facies deposited in moderately to extremely low en- 
ergy depositional environments. 

Syntypes.—ISGS (ISM) 2823-1/2; USNM 43764, 
43765. 


Figured and/or measured specimens.—UI1 X-6855, 
6940 (loc. 10, sample 28), 6852 (loc. 11, sample 57), 
6851, 6854, 6856, 6857 (loc. 49B, samples 12, 14, 17). 


Hemitrypa vermifera (Ulrich, 1890) 
Plate 47, figure 7, Plate 48, figures 1-10, 
Plate 49, figures 1-6; Table 36 


Hemitrypa proutana var. vermifera Ulrich, 1890, p. 562, pl. 57, figs. 
5, Sa [Warsaw Beds, Warsaw, Illinois]. 


Diagnosis.—Zoarium robust, mesh spacing close, 
pattern regular; reticulate meshwork present, well-de- 
veloped, polygonal (square to hexagonal) in shape; 
branches robust, width intermediate, very thick in 
depth; branches straight to less commonly sinuous, 
broadly curved at lateral zoarial edge; transversely cir- 
cular to irregularly elliptical, spacing close and joined 
at moderately regular intervals by intermediate-width, 
short dissepiments. Fenestrule size lower-end inter- 
mediate; shape typically elliptical, less commonly ovate, 
rarely circular, moderately irregular. Autozooecial ap- 
ertures large, irregularly ovate to elliptical, rarely cir- 
cular, typically elongate proximoabaxially or proxi- 
modistally; surrounded by upper-end thin, well- 
developed, complete peristome; two to three apertures 
per fenestrule (mean of 2.5). Single, intermediate-width, 
continuous keel present; keel straight to slightly anas- 
tomosing, extending along middle of obverse branch 
surface, atop which are positioned upper-end inter- 
mediate size, irregularly stellate to ovate nodes. Au- 
tozooecial chamber size intermediate, chambers em- 
placed in two rows, except either third row at sites of 
branch bifurcation or more rarely three rows for mod- 
erate distances proximal to sites of branch bifurcation; 
outline irregularly ovate, elliptical to rounded trian- 
gular near reverse wall, irregularly pentagonal imme- 
diately toward mid chamber, outline irregular paral- 
lelogram to rectangle throughout most of chamber, 
irregularly ovate near obverse surface. Chamber long- 
est dimension parallel to reverse wall proximodistally. 
Aperture at distal-abaxial end of chamber, connected 
to chamber by intermediate, highly variable length ves- 
tibule. Superior and inferior hemisepta both absent. 
Lateral-wall budding-angle highly variable (mean of 
23°); reverse-wall budding-angle highly constant (mean 
of 60°). Heterozooecia (ovicells?) occurring as pro- 
nounced enlargements of some apertures. 

Table 36 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium robust, expansion 
flat to rarely slightly undulating, fan-shaped; mesh 
spacing close; extremely pronounced astogenetic thick- 
ening of both obverse and reverse zoarial skeleton; 
external zoarial pattern regular. Well-developed retic- 
ulate meshwork covering obverse zoarial surface, ab- 
sent only at lateral and distal edges of zoarium; retic- 
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ulate meshwork exhibiting pronounced thickening 
along branch midline, with mesh forming as secondary 
extension of keel, nodes, and dissepiments; mesh de- 
velops toward fenestrule from branch midline and dis- 
sepiment surface to form polygonal (ranging from 
square to hexagonal) feature covering obverse zoarial 
surface, each facet of polygon developing around single 
apertural opening; width and length of meshwork di- 
mensions slightly greater than aperture spacings along 
and across obverse branch; width approximately sev- 
en-eighths that of branch, meshwork width to length 
ratio approximately 1:1, width slightly greater than 
length; variable number, three to seven, nodular ex- 
tensions into meshwork opening from mesh skeletal 
edge. Probable mature zoarial widths and lengths of 
half a meter or more attained in large zoaria. 
Branches robust, width intermediate, slightly vari- 
able; typically straight, less commonly sinuous, exhib- 
iting minor inflections toward sites of dissepiment em- 
placement, lateral branches broadly curved toward edge 
of zoarium. Branch spacing close, distance between 
adjacent branch centers highly regular. Obverse surface 
texture slightly granular, becoming moderately gran- 
ular with astogeny; surface angular to slightly rounded, 
containing single keel; keel width intermediate, well- 
developed, continuous, straight or slightly anastomos- 
ing, extending along branch midline and causing pro- 
nounced positive inflection in obverse surface profile. 
Pronounced astogenetic thickening of keel; most pro- 
nounced toward proximal end and middle of zoarium. 
Node monoserially emplaced, well-developed, size up- 
per-end intermediate, shape irregularly stellate to ovate, 
elongate proximodistally; nodes highly regular in size, 
variable in shape; develop as projections from middle 
of keel; one to three (most commonly two) per fenes- 
trule length; nodes intermediately highly regularly 
spaced; pronounced increase of node diameter with 
astogeny. Intermediate-size stylets, variably sized and 
positioned, occurring across obverse branch surface. 
Reverse surface texture granular, coarsening with as- 
togeny, bearing relatively few rows of intermediately 
spaced longitudinal striae, which become covered by 
lamellar skeleton during astogeny; rows of numerous 
intermediate-size microstylets, closely spaced, develop 
as extensions of longitudinal striae along reverse branch 
surface; microstylets moderately constant, diameters 
exhibiting slight increase with astogeny and micro- 
stylets become more variably positioned across reverse 
branch surface. Autozooecia in two rows across branch, 
except either third row at sites of branch bifurcation, 
or more rarely three rows extending for moderate dis- 
tances proximal to sites of branch bifurcation; pro- 
nounced thickening proximal, moderate thinning dis- 
tal to sites of branch bifurcation. Heterozooecia 
(ovicells?) occurring as pronounced enlargements of 


Table 36.—Summary numerical analysis of Hemitrypa vermifera 
(Ulrich, 1890). For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.3416 0.0580 16.98 0.225-0.500 
2. DBC 24 0.5209 0.0679 = 13.04 —0.400-0.640 
3. WD 24 0.2334 0.0465 19.92  0.165-0.338 
4. LF 24 0.4452 0.0945 21.23 0.231-0.588 
5. WF 24 0.2457 0.0432. -17.58 —-0.153-0.331 
6. AF 24 2.50 0.51 20.43 2-3 
7. AL 24 0.1655 0.0102 6.16 0.146-0.184 
8. AW 24 0.1140 0.0081 7.AL  0.100-0.130 
9. ADB 24 0.2828 0.0210 7.43 0.240-0.320 
10. AAB 24 0.2799 0.0347 12.40 —0.206-0.348 
11. ABB 24 0.3076 0.0399 12.97 0.250-0.400 
12. DN 24 0.1181 0.0121 10.25. 0.096-0.148 
14. SNB 24 0.3057 0.0250 8.18  0.264-0.356 
15. WK 24 0.0907. 0.0165 18.19 0.066-0.136 
16. DSO 24 0.0129 0.0028 21.71  0.008-0.021 
17. SSO 24 0.0401 0.0117 29.18  0.024-0.078 
18. WP 24 0.0198 0.0039 19.70  0.015-0.029 
22. RSS 24 0.0198 0.0027 15.17  0.016-0.025 
24. SSS 24 0.0343 0.0093 27.11  0.022-0.058 
25. LRM 24 0.2817 0.0210 7.45 0.232-0.316 
26. WRM 24 0.3093 0.0331  =10.70 —0.260-0.400 
30. OL 24 0.2615 0.0367 14.03  0.206-0.344 
31. OW 24 0.2113 0.0234 11.07 — 0.180-0.248 
32. TRW 24 0.0243 0.0033 13.58  0.019-0.029 
33. TLW 24 0.0163 0.0029 17.79 0.011-0.022 
34. FWT 24 0.0898 0.0297 33.07 0.046-0.140 
35. RWT 24 0.2186 0.0628 28.73 0.133-0.319 
36. CL 24 0.2918 0.0133 4.56  0.278-0.318 
37. CD 24 0.2146 0.0164 7.64  0.188-0.249 
38. MAW 24 0.1667 0.0277 16.62  0.120-0.210 
40. VD 24 0.0823 0.0198 24.06 0.050-0.121 
41. RA 24 59575 4.16 6.96 52-67 
42. LA 24 23.00 4.47 19.44 14-30 
43. TB 24 0.6672 0.1239 18.57 0.471-0.910 


some apertures; mean widths and lengths of poly- 
morphs approximately twice autozooecial aperture 
length; polymorph width slightly less than length, ratio 
4:5; connection evident between polymorph and au- 
tozooecial chamber; polymorphs most commonly sit- 
uated toward proximal end of zoarium. 
Dissepiments of intermediate width, approximately 
two-thirds that of branch, barely constant; short, mod- 
erately constant in length; connect branches at mod- 
erately regular intervals. Dissepiments exhibit mod- 
erate medial thinning, pronounced flaring at branch— 
dissepiment junction; highly recessed from obverse, 
approximately even with reverse branch surface. Pro- 
nounced astogenetic thickening of dissepiments to- 
ward proximal end of zoarium. Obverse dissepiment 
surface with one to three longitudinal ridges emplaced 
perpendicular to branch length, intermediate-size sty- 
lets, similar in size to obverse branch stylets, develop 
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atop these ridges; stylets become irregularly positioned 
across dissepiment with astogeny; reverse dissepiment 
surface bearing rows of intermediate-size microstylets. 
Obverse dissepiment surface texture slightly granular, 
reverse surface texture granular, both coarsening with 
astogeny. Dissepiments emplaced approximately per- 
pendicular to branch length. Apertures commonly po- 
sitioned on proximal or distal edge, or in middle of 
dissepiment edge at branch-dissepiment contact; ar- 
ranged symmetrically or asymmetrically between 
branches. 

Fenestrule size lower-end intermediate; shape typi- 
cally elliptical; less commonly ovate, elongate proxi- 
modistally, rarely circular; moderately irregular in size 
and shape; slightly expanding in width and length in 
obverse-reverse direction. Width of fenestrule ap- 
proximately half that of branch on obverse surface, 
four-fifths branch width on reverse; fenestrule opening 
size reduced toward proximal end of zoarium due to 
astogenetic thickening of lamellar skeleton. Width to 
length ratio of fenestrule variable, ranging from 1:1 to 
as much as 1:4; ratio of fenestrule mean width to length 
approximately 5:9; width more constant than length, 
width barely constant and length slightly variable. Two 
to three apertures per fenestrule length (mean of 2.5); 
distance between closest aperture centers along branch 
and across branch equal, slightly less than spacing across 
fenestrule which is approximately 1.1 times greater; 
spacing along branch moderately constant, spacing 
across branch and across fenestrule both moderately 
variable. 

Autozooecial apertures large, shape irregularly ovate 
to elliptical, rarely circular, enlarged slightly at distal 
end; elongate proximoabaxially or proximodistally; 
width to length ratio approximately 2:3; size highly 
uniform, shape moderately variable; opening typically 
oriented parallel to plane of obverse surface, less fre- 
quently at slight angle toward fenestrule; surrounded 
by upper-end thin, well-developed complete peri- 
stome. Aperture margins extend into fenestrule, caus- 
ing slight inflections in fenestrule outline on obverse 
surface. Centrally thickened terminal diaphragms oc- 
curring at proximal end of zoarium beneath reticulate 
meshwork. 

Zoarial supports well-developed, forming as exten- 
sions of reverse zoarial surface or lateral edges of zoar- 
ium. 

Interior description.— Branches circular to irregular- 
ly elliptical in transverse section, slightly enlarged on 
obverse surface, elongate in obverse-reverse direction, 
becoming increasingly elongate with addition of sec- 
ondary lamellar skeleton during astogeny. Branches 
very thick, moderately variable in depth. 

Autozooecial living chamber size intermediate, 
chambers biserially arranged along planar branch axial 


wall; axial wall zigzagging near reverse wall, extending 
diagonally across entire branch; becoming less sinuous 
toward mid chamber, extending toward and connect- 
ing with chamber lateral walls; axial wall approaching 
straight in mid chamber and near obverse surface, in 
some branches slightly sinuous. Chamber longest di- 
mension parallel to reverse wall in proximodistal di- 
rection. Autozooecial chamber outline irregularly ovate, 
elliptical to rounded triangular near reverse wall; be- 
coming irregularly pentagonal toward mid chamber 
and an irregular parallelogram to rectangle throughout 
mid chamber and mast of chamber depth; irregularly 
ovate near obverse surface, slightly enlarged at distal 
end, longest dimension of ovoid oriented distal-abax- 
ially, chamber shape highly uniform. Aperture posi- 
tioned at distal-abaxial or distal end of chamber, con- 
nected to chamber by well-developed, intermediate- 
length vestibule of highly variable length. Ratio of au- 
tozooecial chamber width to depth approximately 7:9; 
chamber depth to length ratio approximately 3:4; 
chamber depth and length highly constant, width high- 
ly variable. Superior and inferior hemisepta both ab- 
sent. Autozooecial chambers diverge laterally from 
middle of branch at highly variable angle (mean of 
23°); from reverse wall at highly constant angle (mean 
of 60°). 

Three-dimensionally reconstructed chamber form 
an irregular rectangular box, length as viewed from 
lateral edge of branch; depth, viewed from distal end 
of branch, moderately greater than width, viewed from 
obverse surface. 

Internal granular skeletal layer thick; granular skel- 
etal layer extremely well-developed, continuous with 
obverse nodes, stylets, keel, peristome, and reticulate 
meshwork, which is entirely formed of granular skel- 
etal material; reverse longitudinal striae and micro- 
stylets; across dissepiments and in the middle of zoarial 
supports. Outer lamellar layer extremely thick, exhib- 
iting pronounced astogenetic thickening, most prom- 
inent toward proximal end of zoarium. 

Remarks.—Hemitrypa vermifera was first recog- 
nized by Ulrich in materials from Geode Glen (War- 
saw Beds of Ulrich), where this species was considered 
a new variety of H. hemitrypa. Recognition of this 
variety was based on “certain peculiar, tubular, ver- 
miform bodies, which are irregularly distributed over 
and form part of the reverse face of the zoarium” (UI- 
rich, 1890, p. 561). Interior analysis of these features 
reveals them to be zoarial supports, their tubular na- 
ture as seen by Ulrich a result of differential preser- 
vation of outer lamellar versus inner granular skeletal 
material. Similar supports are present toward the prox- 
imal end of the zoarium in all species of Hemitrypa, 
making the use of such criteria for species identification 
tenuous at best. 
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H. vermifera is distinguished from all other species 
of the genus by having the largest autozooecial cham- 
bers, largest aperture size, smallest reverse-wall bud- 
ding-angle, and widest apertural spacing of all species 
analyzed. The highly granular nature caused by the 
presence of numerous intermediate-size stylets is high- 
ly diagnostic of H. vermifera. External mesh similarity 
between this species and H. hemitrypa is pronounced, 
probably accounting for inclusion of H. vermifera as a 
variety of H. hemitrypa by Ulrich, but once interior 
characters are considered, the differences between the 
two species are readily apparent. The variety H. prou- 
tana vermifera 1s, therefore, elevated to the species H. 
vermifera herein. 

Material studied.— Thirty-six exterior fragments, four 
sectioned specimens; largest zoarial fragment 48 x 33 
mm (width to length). The preservation of zoarial frag- 
ments is good to excellent as a result of the robust 
nature of zoarium. Physical compaction of branches 
is rare, although silicification of internal granular skel- 
etal layer is common. The reticulate meshwork is fre- 
quently compacted onto the obverse zoarial surface. 

Occurrence.—Hemitrypa vermifera is present in the 
northern half of the study area, occurring as far south 
as Mt. Sterling. 7” situ occurrences are primarily ob- 
served in lower energy depositional environments, such 
as argillaceous micrites and biomicrites. Vermiform 
features apparently were used as supports in these 
muddy environments. 

Syntypes of H. proutana vermifera.—ISGS(ISM) 
2815-1. A specimen is illustrated in Ulrich (1890, pl. 
57, figs. 5, Sa). 

Figured and/or measured specimens.—UI X-6880- 
6885, 6863-6865 (loc. 11, sample 57). 


Genus ARCHIMEDES Hall, 1858 


Type species.—Fenestella (Archimedes) wortheni 
Hall, 1857b [Lower Mississippian (Valmeyeran), War- 
saw Formation]. 

Diagnosis.—Zoarium robustness delicate to robust, 
mesh spacing close; tightly coiled central axis present, 
composed of thickened lamellar skeletal layer formed 
around lateral spiraling branch from which all mesh 
originates; chamber outline irregularly pentagonal in 
mid tangential section, chamber size upper-end small 
to lower-end intermediate; aperture size intermediate; 
superior and inferior hemisepta absent; chamber re- 
verse-wall budding-angle varies between 58° and 70° 
(means). 

Three-dimensionally reconstructed chamber form a 
slightly irregular rectangular box. 

Description.—Zoarial robustness varying from del- 
icate to robust, expansion cupped or fan-shaped around 
tightly coiled central axis, mesh spacing close, regular; 
central axis present, forms as thickened lamellar skel- 


etal layer which develops around lateralmost spiraling 
branch from which all mesh originates. 

Branch width narrow to intermediate, trace straight 
as viewed from obverse, sinuous and irregular as viewed 
from reverse zoarial surface, with reverse sinuous due 
to secondary thickening of lamellar skeleton; branch 
surface flat to rounded. Keel present, single, width nar- 
row, covered by lamellar skeleton with astogeny. Nodes 
present, emplacement monoserial, size small to inter- 
mediate, shape circular, ovate to slightly stellate, lo- 
cated atop keel, spacing close to intermediate. Obverse 
stylets present, size small, occurring across obverse 
surface. Microstylets present, small, positioned ini- 
tially in rows, becoming more variably positioned 
across branch surface with astogeny. Macrostylets ab- 
sent. Autozooecia in two rows, third row at sites of 
branch bifurcation or three rows for distance along 
branch proximal to branch bifurcation. Heterozooecia 
(ovicells?) present in some species. 

Dissepiments of intermediate width, length short, 
connect branches at regular intervals. 

Fenestrule size intermediate, shape elliptical on ob- 
verse surface; elliptical, ovate, circular to square on 
reverse depending on degree of thickening of lamellar 
skeleton. 

Aperture size intermediate, shape varying from cir- 
cular to ovate to elliptical, oriented parallel to plane 
of obverse surface. Peristome present, incomplete; ap- 
ertural stylets present or absent, form as extensions of 
peristomal edge; terminal diaphragms present, occur- 
ring toward proximal end of zoarium and adjacent to 
central axis. 

Branch shape in cross-section ranging from circular 
to ovate to elliptical, branches thin to thick in depth. 

Autozooecial chamber size upper-end small to low- 
er-end intermediate, chambers biserially emplaced 


Text-figure 16.— Archimedes wortheni illustrated. 1, diagrammatic 
longitudinal section showing changing chamber outline from deep 
section near middle of branch (bottom of figure) to shallow section 
near abaxial edge of branch (top of figure) [Observe the thickened 
reverse lamellar skeletal layer (arrow) continuous with the lamellar 
central axis.], x 70; 2, diagrammatic tangential section illustrating 
changing chamber outline from deep section near reverse-wall bud- 
ding-site (bottom of figure) to shallow section near obverse surface 
(top of figure) [Observe presence of incomplete peristome (arrow) 
characteristic of this genus.], x 70; 3, diagrammatic transverse sec- 
tion across branch showing typical aperture orientation (arrow) to 
plane of obverse surface, x 70; 4, reconstruction of typical chamber 
shape (three-dimensional) as viewed from abaxial edge of branch, 
< 140; 5, reconstruction of typical chamber shape (three-dimension- 
al) as viewed from distal end of branch; chamber reconstructed is 
from the right side of branch, x 140; 6, reconstruction of typical 
chamber shape (three-dimensional) as viewed from obverse surface; 
chamber reconstructed is from the right side of branch [The smooth, 
curved outlines of chamber shapes are the result of a lack of hem1- 
septa.], x 140; 7, reconstruction of tightly coiled central axis, illus- 
trating mesh radiating outward from spire (arrow), < 140. 
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along sinuous axial wall; maximum chamber length 
extending proximodistally, parallel to reverse wall. 
Chamber outline ovate, irregularly pentagonal in mid 
chamber and throughout most of chamber depth; ir- 
regularly elliptical to irregularly ovate near obverse 
surface. Vestibule present, varying in length from short 
to intermediate. Superior and inferior hemisepta ab- 
sent. Lateral-wall budding-angle ranging from 20° to 
27° (means); reverse-wall budding-angle varying from 


Ww 


58° to 70° (means). Lamellar skeletal layer intermediate 
to thick, exhibiting moderate to pronounced astoge- 
netic thickening; granular skeletal layer thickness in- 
termediate to thick, exhibiting no astogenetic thick- 
ening. 

Three-dimensionally reconstructed chamber form a 
slightly irregular rectangular box. 

Text-figure 16 illustrates zoarial outlines in longi- 
tudinal, tangential, and transverse orientations, three- 
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dimensional chamber reconstructions from abaxial 
branch edge, distal, and obverse surface views, and 
side view of central axis. 

Remarks.—LeSueur (fide Owen, 1842) was appar- 
ently the first to apply the name Archimedes to the 
spiralling screw-like forms found in Mississippian rocks. 
Owen (1838) referred to Upper ? Mississippian rocks 
as ‘Archimedes limestone’’, recognizing the spiral axis 
of LeSueur but not offering a formal description. Owen 
(1842, p. 19) discussed and illustrated as ““Retepora 
Archimedes” a fossil which was “‘ventricillated spirally 
like a continuous screw”; attributing the name 4rchi- 
medes to this form based on the unpublished work of 
LeSueur. Hall (1857b) described a number of species 
of Fenestella (Archimedes), providing a loose descrip- 
tion of the subgenus Archimedes. In 1858, Hall more 
formally decribed the subgenus, but when describing 
the species wortheni and reversa elevated the subgenus 
to the rank of genus. This is therefore the first formal 
description and species assignment to the described 
genus present in the literature. 

The genus is readily recognized by the distinctive 
tightly spiraling axis at the center of the zoarium, from 
which the zoarial mesh radiates outward. Both loosely 
spiraled axes and extremely open spires are represented 
in several closely related genera. The axis develops as 
thickened lamellar skeleton around the interlateral col- 
ony branch, which rotates slightly during growth, giv- 
ing the spiraled configuration of the axis. Tightness of 
spiraling appears to have been greatly influenced by 
environment and thus is not of great importance in 
species delimitation. Width of spiral also appears to 
be primarily environmentally influenced, with asto- 
genetic thickening adding to the lamellar skeletal layer. 

Accurate determination of species of Archimedes re- 
quires thorough examination of the axis and zoarial 
mesh, using both interior and exterior analyses. Species 
based solely on axes, such as 4. grandis Ulrich, 1890, 
have little or no taxonomic validity, as environmental 
influence greatly affects axis diameter and whorl spac- 
ing (McKinney, 1979; McKinney and Gault, 1980). 

Although the central axis is characteristic of this 
genus, the outer appearance of the meshwork is similar 
in appearance to that of Rectifenestella Morozova, 1974, 
Laxifenestella, Apertostella, n. gen., and even species 
of Hemitrypa that lack covering reticulate meshwork. 
Internally, Archimedes chambers lack hemisepta and 
can therefore be readily separated from Rectifenestella 
and Laxifenestella. Pronounced similarities in general 
chamber shape exist among Archimedes, Apertostella, 
and Hemitrypa, Archimedes can be separated from the 
others by its consistently smaller chamber size and 
incomplete peristome. 

Although a central axis with attached fronds are most 
desirable, carefully sectioned axes are adequate for 


identification as all three mesh views (longitudinal, 
tangential, and transverse) can be obtained. 

Species composition.—Four species of Archimedes 
were recognized in the Warsaw: A. negligens Ulrich, 
1890, A. owenanus (Hall, 1857b), A. wortheni (Hall, 
1857b), and A. valmeyeri, n. sp. 

Range.— Mississippian to Permian. 


Archimedes negligens Ulrich, 1890 
Plate 50, figures 1-13, Plate 51, figures 1-6, 
Plate 52, figures 1-4; Table 37 


Archimedes negligens Ulrich, 1890, p. 569, pl. 63, figs. 6, 7-7a [Keo- 
kuk Group, Bentonsport and Keokuk, Iowa]; Condra and Elias, 
1944, pp. 79-80, pl. 14, figs. 1-6. 


Diagnosis.— Zoarium relatively delicate, mesh close, 
pattern regular; central axis well-developed, robustness 
delicate to intermediate; volutions dextral or sinistral, 
diverging from axis at a moderately constant angle 
(mean of approximately 66°); branch robustness deli- 
cate to intermediate, width narrow, depth thin; straight 
on obverse, slightly sinuous on reverse surface; trans- 
versely ovate to elliptical, becoming increasingly ellip- 
tical with astogeny, spacing close and joined at mod- 
erately regular intervals by lower-end intermediate 
width, short dissepiments. Fenestrule size lower-end 
intermediate; shape irregularly elliptical on obverse, 
irregularly elliptical to ovate on reverse; size regular, 
shape variable. Autozooecial aperture size lower-end 
intermediate, shape irregularly ovate to elliptical, rare- 
ly circular, elongate proximoabaxially or proximodis- 
tally; surrounded by upper-end thin, well-developed, 
incomplete peristome, opening at proximal to proxi- 
mal-adaxial edge; two to three (most commonly two) 
apertures per fenestrule. Single narrow, continuous keel 
present; keel slightly anastomosing, extending along 
middle of obverse branch surface, atop which are po- 
sitioned small nodes; nodes circular to ovate, elongate 
proximodistally. Autozooecial chamber size lower-end 
intermediate, chambers emplaced in two rows, except 
third row at sites of branch bifurcation; outline irreg- 
ularly ovate near reverse wall, irregularly pentagonal 
throughout most of chamber depth, irregularly ellip- 
tical to more rarely irregularly ovate near obverse sur- 
face. Chamber longest dimension parallel to reverse 
wall proximodistally. Aperture at distal-abaxial end of 
chamber, connected to chamber by moderately short, 
highly variable length vestibule. Superior and inferior 
hemisepta both absent. Lateral-wall budding-angle 
variable (mean of approximately 26°); reverse-wall 
budding-angle highly constant (mean of 65°). 

Table 37 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium relatively delicate; 
forming a flat to slightly cupped, fan-shaped expansion 
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Table 37.—Summary numerical analysis of Archimedes negligens 
Ulrich, 1890. For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 


mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.2484 0.0232 9.34 0.215-0.288 
2. DBC 24 0.3938 0.0398 10.11 0.333-0.467 
3. WD 24 0.1347 0.0249 18.49  0.105-0.182 
4. LF 24 0.4353 0.0820 18.84 0.267-0.550 
5. WF 24 0.2000 0.0298 14.90  0.167-0.267 
6. AF 24 2733) 0.49 21.13 2-3 
7. AL 24 0.1109 0.0081 7.30 0.096-0.124 
8. AW 24 0.0942 0.0086 9.13. 0.083-0.108 
9. ADB 24 0.1984 0.0163 8.22 0.171-0.233 
10. AAB 24 0.1887 0.0205 10.86 0.158-0.222 
11. ABB 24 0.2434 0.0387 15.90  0.183-0.320 
12. DN 24 0.0529 0.0129 24.39 0.033-0.080 
14. SNB 24 0.1450 0.0383 26.41 0.067-0.204 
15. WK 24 0.0192 0.0049 25.52 0.013-0.027 
16. DSO 24 0.0095 0.0022 23.16 0.006-0.014 
17. SSO 24 0.0237 0.0093 39.24 0.010-0.041 
18. WP 24 0.0199 0.0061 30.65  0.011-0.031 
22. RSS 24 0.0114 0.0026 22.81 0.009-0.018 
24. SSS 24 0.0293 0.0111 37.88 0.016-0.052 
27. WSC 24 5.0 1.38 27.60 2.7-7.2 
28. DCA 24 5.1 NE) Us} 21.95 3.0-7.2 
29. ACA 24 65.75 LES 7S: I 48-82 
30. OL 24 0.1555 0.0230 14.79 0.133-0.182 
31. OW 24 0.1088 0.0122 11.21 0.092-0.120 
32. TRW 24 0.0115 0.0029 25.22 0.008-0.022 
33. TLW 24 0.0158 0.0029 18.35 0.011-0.020 
34. FWT 24 0.1077 0.0524 48.65 0.035-0.229 
35. RWT 24 0.0863 0.0626 72.54 0.025-0.257 
36. CL 24 0.2092 0.0122 5.83 0.189-0.229 
37. CD 24 0.1252 0.0078 6.23 0.113-0.141 
38. MAW 24 0.1249 0.0135 10.81 0.109-0.160 
39. MIW 24 0.0643 0.0115 17.88 0.049-0.085 
40. VD 24 0.0556 0.0248 44.60 0.022-0.111 
41. RA 24 65.08 3.65 5.61 59-71 
42. LA 24 25.67 5.05 19.67 18-36 
43. TB 24 0.2738 0.0998 36.45 0.186-0.543 


radiating outward from the exterior edge of a spiraling 
central axis; mesh spacing close; slight to moderate 
astogenetic thickening of obverse and reverse zoarial 
skeleton; zoarial mesh pattern regular. Central axis ro- 
bustness delicate to intermediate, well-developed, 
maximum diameter moderately variable (mean of 5.14 
mm), greatly thickening immediately distal to site of 
initial axis development; volution spacing irregular 
(mean spacing 5 mm), developing into either a dextral 
or sinistral spiral; zoarial mesh diverging from central 
axis at a mean angle of approximately 66°, moderately 
constant. Distal end of axial flange flat to slightly con- 
cave; proximal side slightly to moderately concave; 
both sides of axis with slightly striated texture spiraling 
around and outward from central axis, resulting from 
thickening of lamellar skeletal material around axis 
with astogeny. Probable mature zoarial widths of up 


to 10 cm, lengths in excess of 20 cm. 

Branch robustness delicate to intermediate, depend- 
ing on degree of astogenetic thickening; branch narrow, 
highly constant in width; straight as observed on ob- 
verse surface; slightly sinuous on reverse. Branches 
closely spaced, distance between adjacent branch cen- 
ters highly regular. Obverse surface texture moderately 
granular, coarsening with astogeny; surface flat to 
slightly rounded except for presence of single narrow, 
intermediately developed keel; keel continuous, slight- 
ly anastomosing, extending along branch midline, 
causing slight positive inflection in obverse surface 
profile. Keel covered by lamellar skeleton with asto- 
geny. Nodes monoserially emplaced, well-developed, 
small; shape circular to ovate, elongate proximodis- 
tally; nodes slightly regular in size and shape, develop 
as projections from middle of keel; two to five (most 
commonly three) nodes per fenestrule; nodes closely 
and slightly unevenly spaced; node diameter moder- 
ately increasing with astogeny. Small stylets, variably 
sized and highly variably positioned, occurring across 
obverse branch surface. Reverse surface texture gran- 
ular, coarsening with astogeny; bearing relatively few 
rows of intermediately spaced longitudinal striae which 
rapidly become covered by lamellar skeleton during 
astogeny; rows of small microstylets, closely spaced, 
develop as extensions of longitudinal striae along re- 
verse branch surface; microstylet diameter moderately 
increasing with astogeny and microstylets become more 
variably positioned along reverse branch surface. Au- 
tozooecia in two rows across branch, except third row 
at sites of branch bifurcation; branches exhibit slight 
thickening proximal, slight thinning distal to sites of 
branch bifurcation. Heterozooecia absent in all zoarial 
fragments examined. 

Dissepiments of lower-end intermediate width, ap- 
proximately five-ninths that of branch, moderately 
constant; short, constant in length; connect branches 
at moderately regular intervals. Dissepiments exhibit 
slight medial thinning, slight flaring at branch-dissep- 
iment junction; moderately recessed from obverse, ap- 
proximately even with reverse branch surface. Mod- 
erate to pronounced astogenetic thickening toward 
proximal end of zoarium. Obverse dissepiment surface 
with single longitudinal ridge emplaced perpendicular 
to branch length; small stylets, similar in size to ob- 
verse branch stylets, develop across dissepiment sur- 
face; ridge partially to completely covered by lamellar 
skeleton during astogeny, stylets slightly increase in 
diameter; reverse dissepiment surface with relatively 
few rows of longitudinal striae atop which occur closely 
spaced rows of small microstylets; longitudinal striae 
become covered by lamellar skeleton, microstylets be- 
come more irregularly positioned across dissepiment 
surface with astogeny. Obverse dissepiment surface 
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texture moderately granular, reverse surface texture 
granular, both coarsening with astogeny. Emplacement 
of dissepiments perpendicular or at small angle from 
perpendicular to branch length. Apertures commonly 
positioned on proximal or distal edge, or in middle of 
dissepiment edge at branch-dissepiment contact; typ- 
ically arranged symmetrically, less commonly asym- 
metrically between branches. 

Fenestrule size lower-end intermediate; shape irreg- 
ularly elliptical on obverse surface, irregularly elliptical 
to ovate, elongate proximodistally on reverse; regular 
in size, variable in shape; moderately expanding in 
width and length in obverse-reverse direction. Width 
of fenestrule four-fifths branch width on obverse sur- 
face, equal to or slightly greater than branch width on 
reverse; fenestrule opening size moderately to greatly 
reduced toward proximal end of zoarium and toward 
central axis due to astogenetic thickening of lamellar 
skeleton. Width to length ratio of fenestrule moderately 
constant, ranging from 1:1 to approximately 1:3; ratio 
of fenestrule mean width to length approximately 4:9; 
width slightly more constant than length, both mod- 
erately constant. Two to three (most commonly two) 
apertures per fenestrule length; distance between clos- 
est aperture centers along branch and across branch 
approximately equal, less than spacing across fenes- 
trule, which is approximately 1.3 times greater; form- 
ing an overall moderately even grid of apertures across 
obverse zoarial surface; spacing along and across branch 
moderately constant, spacing across fenestrule mod- 
erately variable. 

Autozooecial aperture size lower-end intermediate, 
shape irregularly ovate to elliptical, rarely circular, en- 
larged slightly at distal end; elongate proximoabaxially 
or proximodistally; width to length ratio approxi- 
mately 6:7; size uniform, shape variable; opening ori- 
ented parallel to plane of obverse surface; aperture 
surrounded by upper-end thin, well-developed incom- 
plete peristome; peristome open around one-fourth to 
one-third of aperture at proximal to proximal-adaxial 
edge of aperture. Aperture margins extend into fenes- 
trule, causing moderate to pronounced inflections in 
fenestrule outline on obverse surface. Centrally thick- 
ened terminal diaphragms occurring at proximal end 
of zoarium and near zoarial axis. 

Zoarial supports moderately well-developed, form- 
ing as extensions of reverse zoarial surface and distal 
edge of mesh radiating outward from central axis. 

Interior description.— Branches irregularly ovate to 
elliptical in transverse section at distal end of zoarium, 
elongate parallel to plane of obverse surface, slightly 
enlarged on obverse surface; with astogeny branches 
become moderately elongate elliptical in transverse 
view, elongate in obverse-reverse direction due to ad- 
dition of lamellar skeleton to reverse branch surface. 


Branches thin, highly variable in thickness. 

Autozooecial chamber size lower-end intermediate, 
chambers biserially arranged along planar branch axial 
wall; axial wall moderately sinuous near reverse wall 
and throughout mid chamber, extending toward and 
connecting with chamber lateral walls; becoming less 
sinuous near obverse surface. Chamber longest di- 
mension parallel to reverse wall in proximodistal di- 
rection. Autozooecial chamber outline irregularly ovate 
near reverse wall, rapidly becoming irregularly pen- 
tagonal in mid chamber and throughout most of cham- 
ber depth; irregularly elliptical to more rarely irregu- 
larly ovate near obverse surface, slightly enlarged at 
distal end, longest dimension near obverse surface ori- 
ented distal-abaxially; chamber shape highly uniform. 
Aperture positioned at distal-abaxial end of chamber, 
connected to chamber by well-developed, moderately 
short vestibule; vestibule highly variable in length. Ra- 
tio of autozooecial chamber minimum width to max- 
imum width approximately 1:2; maximum width and 
depth equal; chamber depth to length ratio approxi- 
mately 3:5; chamber depth and length highly constant, 
maximum width slightly variable, minimum width 
highly variable. Superior and inferior hemisepta both 
absent. Autozooecial chambers diverge laterally from 
middle of branch at a variable angle (mean of approx- 
imately 26°); from reverse wall at a highly constant 
angle (mean of 65°). 

Three-dimensionally reconstructed chamber form a 
slightly irregular rectangular box; long dimension as 
viewed from lateral edge of branch, approximately twice 
depth; viewed from distal end of branch, and width, 
viewed from obverse surface, which are approximately 
equal. 

Internal granular skeletal layer thickness interme- 
diate; granular skeletal layer moderately well-devel- 
oped, continuous with obverse nodes, stylets, keel, and 
peristome; reverse longitudinal striae and microstylets; 
across dissepiments and in the middle of zoarial sup- 
ports. Outer lamellar layer thickness intermediate, ex- 
hibiting moderate astogenetic thickening; zoarial cen- 
tral axis formed from massively accreted lamellar 
skeleton which completely covers mesh surface at site 
of and near central axis. 

Remarks.— Archimedes negligens was named by UI- 
rich (1890) from materials collected at Bentonsport 
and Keokuk, Iowa. Condra and Elias (1944, p. 79) 
observed that this species had the smallest screw or 
axis of any pre-Chester species; with Chester species 
most similar to this form being A. distans Condra and 
Elias, 1944, A. meekanus Condra and Elias, 1944, and 
A. terebriformis Condra and Elias, 1944. In general, 
Chester species are found to have smaller, finer axes 
than species from Osagean or Meramecian (Valmey- 
eran) age rocks. 
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Within the Warsaw fauna, 4. negligens most closely 
resembles 4. owenanus (Hall, 1857b). The character- 
istic smaller size and finer nature of the central axis 
separates the former from the latter, however. Internal 
chamber characteristics of these two species are similar 
(with the exception of one of the most constant interior 
characters, reverse-wall budding-angle, which is mod- 
erately greater in A. negligens). A. negligens can also 
be differentiated from A. owenanus by the former’s lack 
of apertural stylets, narrower and thinner branches 
which are more closely spaced, smaller fenestrules and 
therefore fewer apertures per fenestrule length, and 
slightly larger apertures. 

A. negligens and A. owenanus occur concurrently in 
the same fauna, exhibiting little or no overlap of axis 
form. Of all zoarial fragments observed, none were 
found that exhibited characteristic axes of 4. negligens 
joined to an axis of 4. Owenanus or other species of 
Archimedes. Thus, retention of 4. negligens as a sep- 
arate species appears justified in spite of only slight 
chamber size dissimilarity from that of 4. wortheni. 

Material studied.—Twenty-four exterior fragments, 
five sectioned specimens; largest zoarial fragment 
3.5 x 20 cm (width to length). The preservation of the 
central axis is good, due to its moderately robust na- 
ture, but the preservation of the mesh is intermediate. 
An interior analysis of the mesh was done only on 
samples in which the mesh was still attached to the 
central axis, to ensure no confusion in determining the 
source of the mesh relative to zoarial axes analyzed. 
The type specimen had attached meshwork and was 
analyzed in this way. 

Occurrence.— Archimedes negligens is a moderately 
rare component of the Lower Warsaw and Upper Keo- 
kuk faunas in the northern half of the study area, hav- 
ing its best occurrence near Keokuk. It is found pri- 
marily in low-energy environments. 

Lectotype (herein designated). —ISGS(ISM) 2785-2. 

Paralectotype (herein designated).—ISGS(ISM) 
2785-1. 

Figured and/or measured specimens.—UI X-7009 
(oc. 10, sample 33), 7010 (loc. 6, sample 36), 6975 
(loc. 11, sample 52). 


Archimedes owenanus (Hall, 1857b) 
Plate 52, figures 5-9, Plate 53, figures 1-10, 
Plate 54, figures 1-7, Plate 55, figures 1-7, 

Plate 56, figures 1, 2; Table 38 


Fenestella owenana Hall, 1857b, p. 178 [Keokuk Limestone, Keo- 
kuk, Iowa; Appanoose, Illinois]. 

Archimedes owenanus (Hall). Ulrich, 1890, p. 570, pl. 63, figs. 6- 
6c [Keokuk Group, Keokuk, Iowa; Appanoose, and 3 mi NE of 
Quincy, Illinois]; Keyes, 1894, p. 26, pl. 33, fig. 2 [Keokuk Lime- 
stone, St. Francisville, Missouri]; Condra and Elias, 1944, pp. 92- 
95, pl. 14, figs. 7-15; Burckle, 1960, pp. 1089-1090, pl. 130, fig. 
ills 


Table 38.—Summary numerical analysis of Archimedes owenanus 
(Hall, 1857b). For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 


of 


mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.3001 0.0255 8.50  0.260-0.345 
2. DBC 24 0.5630 0.0885 15.72 0.449-0.720 
3. WD 24 0.2773 0.0507 18.28  0.220-0.400 
4. LF 24 0.6215 0.1059 17.04 0.464—0.860 
5. WF 24 0.2117. 0.0435 20.53 0.157-0.285 
6. AF 24 3.33) 0.49 14.77 344 
7. AL 24 0.1060 0.0059 5.57 0.096-0.113 
8. AW 24 0.0836 0.0083 9.93 0.069-0.094 
9. ADB 24 0.2228 0.0212 9.52 0.188-0.260 
10. AAB 24 0.2028 0.0201 9.91  0.167-0.238 
11. ABB 24 0.2684 0.3064 13.00 0.216-0.343 
12. DN 24 0.0596 0.0244 40.94  0.026-0.132 
14. SNB 24 0.7278 0.1827 25.10 0.380-1.120 
15. WK 24 0.0184 0.0045 24.46  0.013-0.028 
16. DSO 24 0.0090 0.0024 26.67 0.006-0.014 
17. SSO 24 0.0259 0.0093 35.91  0.014—0.044 
18. WP 24 0.0151 0.0035 23.18  0.011-0.025 
19. SA 24 20.58 5.30 DOD 14-32 
20. SAD 24 0.0087 0.0021 24.14  0.005-0.011 
22. RSS 24 0.0158 0.0064 40.51 — 0.008--0.033 
24. SSS 24 0.0373 0.0208 55.76 0.012-0.075 
27. WSC 24 9.7 293) 26.21 5.5-14.0 
28. DCA 24 10.9 3.69 33.77 6.2-19.0 
29. ACA 24 68.83 Thai 11.28 59-79 
30. OL 24 0.3118 0.0618 19.82 0.233-0.429 
31. OW 24 0.2240 0.0319 14.24 —0.169-0.280 
32. TRW 24 0.0178 0.0026 14.61 0.013-0.021 
33. TLW 24 0.0131 0.0015 11.45 0.011-0.016 
34. FWT 24 0.0682 0.0465 68.18  0.024-0.182 
35. RWT 24 0.2958 0.1634 55.24 0.071-0.629 
36. CL 24 0.2199 0.0118 5.37. 0.200-0.240 
37. CD 24 0.1224 0.0102 8.33 0.104-0.139 
38. MAW 24 0.1133 0.0079 6.97 0.096-0.125 
39. MIW 24 0.0838 0.0160 19.09 0.057-0.112 
40. VD 24 0.0902 0.0352 39.02 0.035-0.138 
41. RA 24 59.42 4.90 8.25 52-64 
42. LA 24 28.08 4.55 16.20 22-35 
43. TB 24 0.5299 0.2058 38.84 0.186-0.915 


Archimedes grandis Ulrich, 1890, p. 569, pl. 63, fig. 10 [Keokuk 
Group, Jersey County, Illinois]. 

Archimedes halli Condra and Elias, 1944, pp. 97-98, pl. 2, fig. 3; pl. 
15, fig. 4. 


Diagnosis.—Zoarium robust, mesh close, pattern ex- 
tremely regular; central axis well-developed, robust, 
volutions dextral or sinistral, diverging from axis at a 
constant angle (mean of approximately 69°), pillarlike 
supports between flanges of spiral; branches moder- 
ately robust, width lower-end intermediate, thick in 
depth; branches straight on obverse, sinuous and ir- 
regular on reverse surface; transversely circular to 
slightly ovate, becoming highly elliptical with asto- 
geny, spacing close and joined at moderately regular 
intervals by upper-end intermediate width, short dis- 
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sepiments. Fenestrule size intermediate, shape irreg- 
ularly elliptical on obverse, irregularly elliptical, ovate 
to circular on reverse; size regular, shape variable. Au- 
tozooecial aperture size lower-end intermediate, irreg- 
ularly ovate to elliptical, rarely circular, elongate prox- 
imoabaxially or proximodistally; surrounded by thin, 
well-developed, incomplete to more rarely complete 
peristome, open at proximal to proximal-adaxial edge; 
three to four (most commonly three) apertures per fe- 
nestrule. Single narrow, continuous keel present; keel 
slightly anastomosing to approaching straight, extend- 
ing along middle of obverse branch surface, atop which 
are positioned small nodes; nodes ovate, elongate prox- 
imodistally, rarely circular. Autozooecial chamber size 
lower-end intermediate, chambers emplaced in two 
rows, except either third row at sites of branch bifur- 
cation or more rarely three rows for moderate distances 
proximal to sites of branch bifurcation; outline irreg- 
ularly ovate to pentagonal near reverse wall, irregularly 
pentagonal throughout most of chamber depth; irreg- 
ularly elliptical to more rarely ovate near obverse sur- 
face. Chamber longest dimension parallel to reverse 
wall proximodistally. Aperture at distal-abaxial end of 
chamber, connected to chamber by intermediate, high- 
ly variable length vestibule. Superior and inferior 
hemisepta both absent. Lateral-wall budding-angle 
moderately variable (mean of approximately 28°); re- 
verse-wall budding-angle constant (mean of approxi- 
mately 59°). Heterozooecia (ovicells?) occurring as 
globular expansions infilling fenestrules. 

Table 38 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium robust, forming a flat 
to slightly cup-shaped expansion radiating outward 
from the exteriormost edge of a spiraling central axis; 
mesh spacing close; pronounced astogenetic thickening 
of obverse and reverse zoarial skeleton; zoarial mesh 
pattern extremely regular. Central axis robust, well- 
developed, maximum diameter moderately variable 
(mean of 10.93 mm), greatly thickening immediately 
distal to site of initial axis development; volution spac- 
ing irregular (mean spacing 9.67 mm), developing into 
either a dextral or sinistral spiral; zoarial mesh di- 
verging from central axis at a mean angle of approxi- 
mately 69°, constant. Distal end of axial flange flat, 
slightly concave, or slightly convex; proximal side 
slightly to moderately concave; slight striated texture 
to axis, with striae spiraling around and outward from 
central axis, resulting from thickening of zoarial skel- 
eton around axis with astogeny. Pillarlike supports de- 
veloping between flanges along axis, zoarial mesh over- 
grown by zoarial skeleton from axis development during 
astogeny. Probable mature zoarial widths half a meter 
or more, length greater than | m. 

Branches moderately robust, becoming increasingly 


so during astogenetic thickening; lower-end interme- 
diate in width, moderately variable; straight on ob- 
verse surface, highly sinuous and irregular on reverse 
surface due to astogenetic thickening of lamellar skel- 
eton. Branch spacing upper-end close, distance be- 
tween adjacent branch centers moderately regular. Ob- 
verse surface texture moderately granular, coarsening 
with astogeny; surface rounded, except for presence of 
single narrow, well-developed keel; keel continuous, 
slightly anastomosing to approaching straight, extend- 
ing along branch midline, causing slight inflection in 
obverse surface profile. Keel becomes covered by la- 
mellar skeleton during astogeny. Nodes monoserially 
emplaced, well-developed, small; shape ovate, elon- 
gate proximodistally, rarely circular; nodes highly vari- 
able in both size and shape; develop as projections 
from middle of keel; one to three (most commonly 
two) nodes per fenestrule; node spacing upper-end in- 
termediate, slightly variable; node diameter greatly in- 
creasing with astogeny. Upper-end small stylets, vari- 
ably sized and positioned, occurring across obverse 
surface. Reverse surface texture granular, coarsening 
with astogeny; bearing relatively few rows of closely to 
intermediately spaced longitudinal striae which rapidly 
become covered by lamellar skeleton during astogeny; 
rows of small microstylets, closely spaced, develop as 
extensions of longitudinal striae along reverse branch 
surface; microstylet diameters highly variable, slightly 
increase with astogeny and microstylets become vari- 
ably positioned across reverse branch surface. Auto- 
zooecia in two rows across branch, except either third 
row at sites of branch bifurcation, or more rarely three 
rows extending for moderate distances proximal to sites 
of branch bifurcation. Heterozooecia (ovicells?) oc- 
curring as pronounced globular expansions infilling fe- 
nestrules; mean widths and lengths of polymorphs 
slightly less than three times autozooecial aperture 
lengths and widths; polymorph length appreciably 
greater than width, ratio approximately 5:7; connec- 
tion between polymorph and autozooecial chamber 
lacking; polymorphs most commonly situated imme- 
diately distal from central axis along branch. 
Dissepiments of upper-end intermediate width, ap- 
proximately nine-tenths that of branch, moderately 
constant; short, slightly variable in length; connect 
branches at moderately regular intervals. Dissepiments 
exhibit slight medial thinning, slight flaring at branch— 
dissepiment junction; slightly recessed from obverse, 
approximately even with reverse branch surface. Pro- 
nounced astogenetic thickening of dissepiments to- 
ward proximal end of zoarium. Obverse dissepiment 
surface with single longitudinal ridge emplaced per- 
pendicular to branch length; small stylets, similar in 
size to obverse branch stylets, develop across dissep- 
iment surface; ridge partially covered by lamellar skel- 
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eton during astogeny, stylets increase in diameter; re- 
verse dissepiment surface with an intermediate number 
of rows of longitudinal striae atop which occur closely 
spaced rows of small microstylets; longitudinal striae 
become covered by lamellar skeleton, microstylets be- 
come more irregularly positioned across dissepiment 
surface with astogeny. Obverse and reverse dissepi- 
ment surfaces granular, coarsening with astogeny. Em- 
placement of dissepiments perpendicular or at small 
angle from perpendicular to branch length. Apertures 
commonly positioned on proximal or distal edge, or 
in middle of dissepiment edge at branch—dissepiment 
contact; arranged symmetrically or asymmetrically be- 
tween branches. 

Fenestrule size intermediate; shape irregularly ellip- 
tical on obverse surface, irregularly elliptical to ovate, 
elongate proximodistally to more rarely circular on 
reverse; moderately regular in size, irregular in shape; 
moderately to highly expanding in width and length in 
obverse-reverse direction. Width of fenestrule ap- 
proximately one-half branch width on obverse surface, 
equal to or slightly greater than branch width on re- 
verse; fenestrule opening size greatly reduced toward 
proximal end of zoarium and toward central axis due 
to astogenetic thickening of lamellar skeleton. Width 
to length ratio of fenestrule moderately constant, rang- 
ing from 1:1 to approximately 1:4; ratio of fenestrule 
mean width to length approximately 1:3; length mod- 
erately constant, width lower-end variable. Three to 
four (most commonly three) apertures per fenestrule 
length; distance between closest aperture centers along 
branch and across branch approximately equal, less 
than spacing across fenestrule which is approximately 
1.25 times greater; forming a moderately even grid of 
apertures across zoarium obverse surface; spacing along 
and across branch moderately constant, spacing across 
fenestrule moderately variable. 

Autozooecial aperture size lower-end intermediate, 
shape irregularly ovate to elliptical, rarely circular, en- 
larged slightly at distal end; elongate proximoabaxially 
or proximodistally; width to length ratio approxi- 
mately 7:9; size uniform, shape variable; opening ori- 
ented parallel to plane of obverse surface; aperture 
surrounded by thin, well-developed, typically incom- 
plete peristome; peristome open up to one-fourth of 
aperture at proximal or proximal-adaxial edge of ap- 
erture; more rarely peristome complete. Aperture mar- 
gins extend into fenestrule, causing pronounced in- 
flections in fenestrule outline on obverse surface. 
Centrally thickened terminal diaphragms occurring at 
proximal end of zoarium and near zoarial axis. 

Zoarial supports extremely well-developed, forming 
as extensions of reverse zoarial surface and distal edge 
of mesh radiating outward from central axis. 

Interior description.— Branches approaching circular 


to slightly ovate in transverse section at distal end of 
zoarium, slightly elongate parallel to plane of obverse 
surface and enlarged on obverse surface; with astogeny 
branches become moderately to highly elongate ellip- 
tical in shape in transverse view, elongate in obverse— 
reverse direction due to addition of lamellar skeleton 
to reverse branch surface. Branches thick, highly vari- 
able in depth. 

Autozooecial chamber size lower-end intermediate, 
chambers biserially arranged along planar branch axial 
wall; axial wall moderately to highly sinuous near re- 
verse wall and throughout mid chamber, extending 
toward and connecting with chamber lateral walls; be- 
coming slightly sinuous near obverse surface. Chamber 
longest dimension parallel to reverse wall in proxi- 
modistal direction. Autozooecial chamber outline ir- 
regularly ovate to pentagonal near reverse wall; irreg- 
ularly pentagonal in mid chamber and throughout most 
of chamber depth; irregularly elliptical to more rarely 
irregularly ovate near obverse surface, slightly to mod- 
erately enlarged at distal end, longest dimension near 
obverse surface oriented distal-abaxially; chamber 
shape highly uniform. Aperture positioned at distal- 
abaxial end of chamber, connected to chamber by ex- 
tremely well-developed, intermediate-length vestibule; 
vestibule highly variable in length. Ratio of autozooe- 
cial chamber minimum width to maximum width ap- 
proximately 3:5; maximum width to depth ratio ap- 
proximately 9:10; chamber depth to length ratio 
approximately 3:4; chamber maximum width, depth 
and length highly constant, minimum width highly 
variable. Superior and inferior hemisepta both absent. 
Autozooecial chambers diverge laterally from middle 
of branch at a moderately variable angle (mean of ap- 
proximately 28°); from reverse wall at constant angle 
(mean of approximately 59°). 

Three-dimensionally reconstructed chamber form a 
slightly irregular rectangular box; length, viewed from 
lateral edge of branch, greater than depth; viewed from 
distal end of branch, greater than width, viewed from 
obverse surface. 

Internal granular skeletal layer thick; granular skel- 
etal layer extremely well-developed, continuous with 
obverse nodes, stylets, keel, and peristome; reverse 
longitudinal striae and microstylets; across dissepi- 
ments and in the middle of zoarial supports. Outer 
lamellar layer extremely thick, exhibiting pronounced 
astogenetic thickening; zoarial central axis formed of 
massively accreted lamellar skeleton which completely 
covers mesh surface at site of and near central axis. 

Remarks.— Although originally described by Hall, 
this species was never illustrated by him. For this rea- 
son, the lectotype [ISGS (ISM) 2782-1] is here desig- 
nated from specimens illustrated by Ulrich and by 
Condra and Elias. ISGS (ISM) 2728- 2/3 are assigned 
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the status of paralectotypes. 

A. grandis Ulrich, 1890 and 4. halli Condra and 
Elias, 1944 are herein placed in synonymy under 4. 
owenanus, which has priority. Condra and Elias noted 
the possibility that A. grandis should be grouped under 
A. owenanus, but did not do so. Although 4. grandis 
has a slightly wider flaring flange and higher volutions 
than A. owenanus, interior analysis indicates the two 
to be essentially identical. Interiors of A. ha/li were 
also found to be essentially identical to those of A. 
owenanus, although A. halli has a smaller axis, prob- 
ably due to environmental responses. Meshwork for- 
mulas, as given in Condra and Elias (1944), are also 
almost identical for 4. halli and A. owenanus. This, in 
conjunction with interior analysis, resulted in placing 
the two species in synonymy in this study. 

A. owenanus is extremely similar in both exterior 
and interior characters to A. wortheni (Hall, 1857b), 
as noted by Ulrich (1890). The former is differentiated 
by more numerous apertural stylets (mean of 21 as 
opposed to 11 in the latter), much lower reverse-wall 
budding-angle, slightly wider branches, more open 
mesh, and slightly wider spacing of apertures along, 
across, and between branches. The overlap in variation 
of axial characters makes the use of the central axis for 
species differentiation of little value, although the angle 
between the distal end of the axis and the axial whorl 
seems to have some taxonomic significance. This angle 
is slightly greater in 4. owenanus (69°) than in A. wor- 
theni (61°). 

Material studied.—Seventy-three exterior frag- 
ments, 15 sectioned specimens; largest zoarial frag- 
ment 21 x68 cm (width to length). The preservation 
of the central axis is good, even though the granular 
skeleton is susceptible to silicification. Interior analysis 
of zoarial axis and mesh was undertaken on/y on sam- 
ples with mesh still attached to the central axis, en- 
suring there could be no confusion in determining the 
source of mesh relative to the zoarial axes analyzed. 
Type material of this species is deposited at the Illinois 
State Geological Survey. 

Occurrence.— Archimedes owenanus is abundant in 
the Upper Keokuk and Lower Warsaw, with best oc- 
currence at the Warsaw-— Keokuk contact, and is found 
as far south as Jersey County, Illinois. It occurs pri- 
marily in low-energy environments, less frequently in 
inferred higher energy environments where zoarial 
fragments were probably washed in with other clastic 
particles. 

Lectotype and paralectotypes.—ISGS(ISM)2782-1, 
and ISGS(ISM) 2782-2/3, 2790. 

Figured and/or measured specimens.—UI X-6972, 
6973, 7008, 6986, 6983, 7006, 6971, 7011 (loc. 6, 
samples 26, 27, 30, 32, 47), 6985, 6984, 7003, 6993, 
7013, 7001 (loc. 10, samples 32, 42). 


Archimedes wortheni (Hall, 1857b) 
Plate 56, figures 3-9, Plate 57, figures 1-9, 
Plate 58, figures 1-9, Plate 59, figures 1-5, 

Plate 60, figures 1, 2; Table 39 


Fenestella wortheni Hall, 1857b, p. 178 [Warsaw Limestone, War- 
saw, Illinois]. 

Archimedes wortheni (Hall). Hall, 1858, p. 651, pl. 22, figs. 3, 4a— 
b, Sa—b [Warsaw Limestone, Warsaw, Illinois]; Miller, 1889, p. 
292, fig. 452; Ulrich, 1890, p. 571, pl. 63, figs. 8, 8a. [Warsaw 
Beds, Warsaw, Illinois]; Keyes, 1894, p. 26, pl. 33, fig. 1. [Keokuk 
Limestone, Wayland and La Grange, Missouri]; Van Tuyl, 1925, 
pl. 6, fig. 6. 

Archimedes reversa Hall, 1858, p. 652, pl. 22, fig. 2 [Warsaw Lime- 
stone, Warsaw, Illinois]. 

Archimedes welleri Condra and Elias, 1944, pp. 85-88, pl. 18, figs. 
4a-b; pl. 19, figs. 1, 2; pl. 20, fig. 5 [Warsaw Formation, Warsaw, 
Illinois]. 


Diagnosis.—Zoarium robust, mesh close, pattern ex- 
tremely regular; central axis well-developed, robust, 
volutions dextral or sinistral, diverging from axis at 
moderately constant angle (mean of 61°), pillarlike sup- 
ports between flanges of spiral; branch robustness in- 
termediate to pronounced; branch width narrow, depth 
thick; branches straight on obverse and sinuous on 
reverse surface; transversely ovate to circular, becom- 
ing highly elliptical with astogeny, spacing close and 
joined at highly regular intervals by intermediate-width, 
short dissepiments. Fenestrule size lower-end inter- 
mediate; shape irregularly elliptical on obverse, irreg- 
ularly elliptical, ovate to circular on reverse; size regular, 
shape variable. Autozooecial aperture size lower-end 
intermediate, shape irregularly ovate to elliptical, rare- 
ly circular, elongate proximoabaxially or proximodis- 
tally; surrounded by thin, well-developed, incomplete 
peristome, open at proximal to proximal-adaxial edge; 
intermediate size apertural stylets, seven to 14 per ap- 
erture (mean of 10.5), positioned atop peristome; two 
to four (most commonly three) apertures per fenes- 
trule. Single narrow, continuous keel present; keel 
slightly anastomosing to approaching straight, extend- 
ing along middle of obverse branch surface, atop which 
are positioned small nodes; nodes ovate, highly elon- 
gate proximodistally, rarely circular. Autozooecial 
chamber size upper-end small to lower-end interme- 
diate, chambers emplaced in two rows, except either 
third row at sites of branch bifurcation or more rarely 
three rows for moderate distances proximal to sites of 
branch bifurcation; outline irregularly ovate near re- 
verse wall, irregularly pentagonal throughout most of 
chamber depth, irregularly elliptical to ovate near ob- 
verse surface. Chamber longest dimension parallel to 
reverse wall proximodistally. Aperture at distal-ab- 
axial end of chamber, connected to chamber by inter- 
mediate, highly variable length vestibule. Superior and 
inferior hemisepta both absent. Lateral-wall budding- 
angle highly variable (mean of 23°); reverse-wall bud- 
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Table 39.—Summary numerical analysis of Archimedes wortheni 
(Hall, 1857b). For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.2620 0.3048 13.28 0.220-0.300 
2. DBC 24 0.4140 0.0677 16.35 0.357-0.580. 
3. WD 24 0.1834 0.0277 15.10 0.144-0.255 
4. LF 24 0.4353 0.0472 10.84 0.343-0.540 
5. WF 24 0.2024 0.0269 13.29 0.167-0.247 
6. AF 24 3.08 0.50 16.33 2-4 
7. AL 24 0.1019 0.0085 8.34 0.088-0.120 
8. AW 24 0.0844 0.0081 9.60 0.071-0.100 
9. ADB 24 0.1909 0.0164 8.59 0.169-0.221 
10. AAB 24 0.1878 0.0123 6.71 0.166-0.214 
11. ABB 24 0.2133 0.0218 10.22. 0.180-0.250 
12. DN 24 0.0513 0.0170 33.14 0.031-0.088 
14. SNB 24 0.3060 0.0624 20.39 0.225-0.393 
15. WK 24 0.0163 0.0070 42.94  0.009-0.026 
16. DSO 24 0.0081 0.0022 27.16 0.005-0.012 
17. SSO 24 0.0169 0.0064 37.87  0.009-0.029 
18. WP 24 0.0221 0.0094 42.53  0.012-0.040 
19. SA 24 10.50 2.07 19.68 7-14 
20. SAD 24 0.0224 0.0088 39.29 0.009-0.043 
22. RSS 24 0.0089 0.0024 26.97 0.006-0.014 
24. SSS 24 0.0165 0.0045 27.27. 0.011-0.026 
27. WSC 24 8.2 3.35 41.04 2.9-14.2 
28. DCA 24 19.2 11.85 61.75 1.8-48.5 
29. ACA 24 60.92 9.15 15.02 48-78 
30. OL 24 0.2368 0.0245 10.35 0.205-0.286 
31. OW 24 0.1999 0.0188 9.40 0.168-0.235 
32. TRW 24 0.0338 0.0074 21.89 0.021-0.044 
33. TLW 24 0.0145 0.0024 16.55 0.011-0.019 
34. FWT 24 0.0923 0.0407 44.10 0.040-0.165 
35. RWT 24 0.2155 0.1686 78.24  0.025-0.550 
36. CL 24 0.1746 0.0084 4.81 0.160-0.190 
37. CD 24 0.1278 0.0080 6.26 0.115-0.145 
38. MAW 24 0.1151 0.0099 8.60 0.098-0.137 
39. MIW 24 0.0680 0.0149 21.91 0.049-0.095 
40. VD 24 0.0918 0.0444 48.37 0.028-0.140 
41. RA 24 70.08 3.78 5.39 63-76 
42. LA 24 23.17 4.63 19.98 7-32 
43. TB 24 0.5123 0.1944 37.95  0.257-0.880 


ding-angle highly constant (mean of 70°). Heterozooe- 
cia (ovicells?) occurring as pronounced expansions along 
branch midline and globular expansions infilling fe- 
nestrules. 

Table 39 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium robust; forming a 
slightly cupped, fan-shaped expansion radiating out- 
ward from the exteriormost edge of a spiraling central 
axis; mesh spacing close; pronounced thickening of 
obverse, extremely pronounced astogenetic thickening 
of reverse zoarial skeleton; zoarial mesh pattern ex- 
tremely regular. Central axis robust, well-developed, 
maximum diameter highly variable (mean of 19.19 
mm), greatly thickening immediately distal to site of 


initial axis development; volution spacing irregular 
(mean spacing 8.16 mm), developing into either a dex- 
tral or sinistral spiral; zoarial mesh diverging from 
central axis at a mean angle of approximately 61°, mod- 
erately constant. Distal end of axial flange flat to slight- 
ly concave; proximal side slightly to moderately con- 
vex; both sides of axis with striated texture spiraling 
around and outward from central axis, resulting from 
thickening of lamellar skeletal material around axis 
with astogeny. Pillarlike supports developing between 
flanges along axis; zoarial mesh overgrown by zoarial 
skeleton from axis development during astogeny. 
Probable mature zoarial widths half a meter or more, 
lengths in excess of | m. 

Branch robustness intermediate to pronounced, de- 
pending on degree of astogenetic thickening; branches 
narrow, moderately constant in width; straight as ob- 
served on obverse surface; highly sinuous and irregular 
on reverse surface due to astogenetic thickening of la- 
mellar skeleton. Branches closely spaced, distance be- 
tween adjacent branch centers moderately regular. Ob- 
verse surface texture smooth to slightly granular, 
coarsening with astogeny; surface irregularly rounded 
except for presence of single narrow, well-developed 
keel; keel continuous, slightly anastomosing to ap- 
proaching straight, extending along branch midline, 
causing slight to moderate positive inflection in ob- 
verse surface profile. Keel becomes covered by lamellar 
skeleton with astogeny. Nodes monoserially emplaced, 
well-developed, small; shape ovate, highly elongate 
proximodistally, rarely circular; nodes variable in size 
and shape; develop as projections from middle of keel; 
one to three (most commonly two) nodes per fenes- 
trule; node spacing intermediate, moderately evenly 
spaced; node diameter increasing with astogeny. Small 
stylets, variably sized and positioned, occurring across 
obverse branch surface. Reverse surface texture gran- 
ular, coarsening with astogeny; bearing relatively few 
rows of closely to intermediately spaced longitudinal 
striae which rapidly become covered by lamellar skel- 
eton during astogeny; rows of small microstylets, close- 
ly spaced, develop as extensions of longitudinal striae 
along reverse branch surface; microstylet diameters in- 
crease slightly with astogeny and microstylets become 
highly variably positioned across reverse branch sur- 
face. Autozooecia in two rows across branch, except 
either third row at sites of branch bifurcation, or more 
rarely three rows extending for moderate distances 
proximal to sites of branch bifurcation. Heterozooecia 
(ovicells?) occurring as pronounced expansions along 
branch midline and globular expansions infilling fe- 
nestrules,; mean widths and lengths of polymorphs 
slightly greater than twice autozooecial aperture widths 
and lengths; polymorph length slightly greater than 
width, ratio approximately 5:6; connection between 
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polymorph and autozooecial chamber lacking; poly- 
morphs most commonly situated immediately distal 
from central axis along branch. 

Dissepiments of intermediate width, approximately 
seven-tenths that of branch, moderately constant; short, 
constant 1n length; connect branches at highly regular 
intervals. Dissepiments exhibit slight medial thinning, 
slight flaring at branch—dissepiment junction; slightly 
recessed from obverse, approximately even with re- 
verse branch surface. Pronounced astogenetic thick- 
ening of dissepiments toward proximal end of zoarium. 
Obverse dissepiment surface with single longitudinal 
ridge emplaced perpendicular to branch length; small 
stylets, similar in size to obverse branch stylets, de- 
velop across dissepiment surface; ridge covered by la- 
mellar skeleton during astogeny, stylets slightly in- 
crease in diameter; reverse dissepiment surface with 
an intermediate number of rows of longitudinal striae 
atop which occur closely spaced rows of small micro- 
stylets; longitudinal striae rapidly become covered 
by lamellar skeleton, microstylets become more irreg- 
ularly positioned across dissepiment surface with as- 
togeny. Obverse dissepiment surface texture smooth 
to slightly granular, reverse surface texture granular, 
both coarsening with astogeny. Emplacement of dis- 
sepiments perpendicular or at small angle from per- 
pendicular to branch length. Apertures commonly po- 
sitioned on proximal or distal edge, or in middle of 
dissepiment edge at branch-dissepiment contact; typ- 
ically arranged symmetrically, less commonly asym- 
metrically between branches. 

Fenestrule size lower-end intermediate; shape irreg- 
ularly elliptical on obverse surface, irregularly elliptical 
to ovate, elongate proximodistally, to more rarely cir- 
cular on reverse; regular in size, variable in shape; 
moderately to highly expanding in width and length in 
obverse-reverse direction. Width of fenestrule two- 
thirds branch width on obverse surface, appreciably 
greater than branch width on reverse; fenestrule open- 
ing size greatly reduced toward proximal end of zoar- 
ium and toward central axis due to astogenetic thick- 
ening of lamellar skeleton. Width to length ratio of 
fenestrule moderately constant, ranging from 1:1 to 
approximately 1:3; ratio of fenestrule mean width to 
length approximately 7:9; length slightly more constant 
than width, both highly constant. Two to four (most 
commonly three) apertures per fenestrule length; dis- 
tance between closest aperture centers along branch 
and across branch approximately equal, slightly less 
than spacing across fenestrule which 1s approximately 
1.1 times greater; forming an overall even grid of ap- 
ertures across zoarium obverse surface; spacing along 
and across branch and across fenestrule all moderately 
constant. 

Autozooecial aperture size lower-end intermediate, 


shape irregularly ovate to elliptical, rarely circular, en- 
larged slightly at distal end; elongate proximoabaxially 
or proximodistally; width to length ratio approxi- 
mately 5:6; size moderately uniform, shape variable; 
opening oriented parallel to plane of obverse surface; 
aperture surrounded by thin, well-developed incom- 
plete peristome; peristome open around one-fourth to 
one-third of aperture at proximal to proximal-adaxial 
edge of aperture. Intermediate-size apertural stylets de- 
velop as projections from peristome, seven to 14 per 
aperture (mean of 10.5); apertural stylets highly vari- 
able in size and number. Aperture margins extend into 
fenestrule, causing pronounced inflections in fenestrule 
outline on obverse surface. Centrally thickened ter- 
minal diaphragms occurring at proximal end of zoar- 
ium and near zoarial axis. 

Zoarial supports extremely well-developed, forming 
as extensions of reverse zoarial surface and distal edge 
of mesh radiating outward from central axis. 

Interior description.— Branches ovate to circular in 
transverse section at distal end of zoarium, elongate 
parallel to plane of obverse surface, slightly enlarged 
on obverse surface; with astogeny branches become 
moderately to highly elongate-elliptical in shape in 
transverse view, elongate in obverse-reverse direction, 
due to pronounced addition of lamellar skeleton to 
reverse branch surface. Branches thick, variable in 
depth. 

Autozooecial chamber size upper-end small to low- 
er-end intermediate, chambers biserially arranged along 
planar branch axial wall; axial wall moderately sinuous 
near reverse wall and throughout mid chamber, ex- 
tending toward and connecting with chamber lateral 
walls; becoming very slightly sinuous near obverse sur- 
face. chamber longest dimension parallel to reverse 
wall in proximodistal direction. Autozooecial chamber 
outline irregularly ovate near reverse wall, rapdily be- 
coming irregularly pentagonal in mid chamber and 
throughout most of chamber depth; irregularly ellip- 
tical to more rarely irregularly ovate near obverse sur- 
face, slightly enlarged at distal end, longest dimension 
near obverse surface oriented distal-abaxially; cham- 
ber shape highly uniform. Aperture positioned at dis- 
tal-abaxial end of chamber, connected to chamber by 
extremely well-developed, intermediate-length vesti- 
bule; vestibule highly variable in length. Ratio of au- 
tozooecial chamber minimum width to maximum 
width approximately 3:5; maximum width and depth 
about equal, ratio of 9:10; chamber depth to length 
ratio approximately 3:4; chamber maximum width, 
depth and length highly constant, minimum width 
highly variable. Superior and inferior hemisepta both 
absent. Autozooecial chambers diverge laterally from 
middle of branch at a highly variable angle (mean of 
23°); from reverse wall at highly constant angle (mean 
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of 70°). 

Three-dimensionally reconstructed chamber form a 
slightly irregular rectangular box; length, viewed from 
lateral edge of branch, greater than depth, viewed from 
distal end of branch; which in turn 1s slightly greater 
than width, viewed from obverse surface. 

Internal granular skeletal layer thick; granular skel- 
etal layer extremely well-developed, continuous with 
obverse nodes, stylets, keel, peristome, and apertural 
stylets; reverse longitudinal striae and microstylets; 
across dissepiments and in the middle of zoarial sup- 
ports. Outer lamellar layer extremely thick, exhibiting 
pronounced astogenetic thickening; zoarial central axis 
formed of massively accreted lamellar skeleton which 
completely covers mesh surface at site of and near 
central axis. 

Remarks.—A. wortheni was described by Hall from 
the Warsaw beds near Warsaw, Illinois. 4. reversa Hall, 
1858 was later differentiated by Hallas a species having 
a sinistral, rather than dextral spiraling axis, as in 4. 
wortheni. The direction of the axis spiral was consid- 
ered an invalid criterion for species differentiation by 
Ulrich (1890), and he placed the two species in syn- 
onymy under 4. wortheni, which had priority. Dextral 
and sinistral spiraling axes can both be observed in the 
same zoarium, therefore I am in agreement with Ulrich 
in placing these two species in synonymy with A. wor- 
theni. 

Ulrich (1890, pp. 571-572) criticized Hall for de- 
scribing A. wortheni as having “‘three rows of apertures 
below a bifurcation, and sometimes with zooecia on 
the dissepiments’’, saying both assertions were based 
on “defective observation”. In my work with over 80 
axes having meshwork attached, I found numerous 
examples of branches having three rows present prox- 
imal to sites of branch bifurcation as well as occurrence 
of aperture opening on the edges of dissepiments. Ul- 
rich’s apparent overreliance on the central axis for spe- 
cies assignment in Archimedes Hall, 1858 probably led 
to his not observing these characters, and thus his crit- 
icism of Hall is doubly unjustified. 

Archimedes welleri Condra and Elias, 1944 was based 
on Keyes’ largest specimen and Van Tuyl’s described 
materials. Condra and Elias’ criteria for establishing 
this species are greater length and larger size of axial 
flange, and development of prominent nodes in A. wel- 
leri. These criteria all represent axis and branch char- 
acters that greatly increase during zoarial astogeny; the 
mesh spacing and other criteria listed for species dif- 
ferentiation are essentially identical between A. welleri 
and A. wortheni. For these reasons, A. welleri is herein 
placed in synonymy with 4. wortheni, which has pri- 
ority. 

A. wortheni is distinguished from 4. owenanus (Hall, 
1857b), the most similar Warsaw species of Archi- 


medes analyzed, by substantially smaller autozooecial 
chamber size, fewer apertural stylets, higher reverse- 
wall budding-angle, narrower branches, more tightly 
closed mesh, closer aperture spacing along, across and 
between branches, and slightly smaller angle between 
the distal end of the axis and axial whorl. Other tax- 
onomic criteria are similar between these two species, 
suggesting close phylogenetic affinities. 

Material studied.—Eighty-four exterior fragments, 
20 sectioned specimens; largest zoarial fragment 
30 x 108 cm (width to length). The preservation of the 
central axis 1s excellent due to its highly robust nature; 
the preservation of the mesh is moderately good. In- 
terior analyses of the zoarial axis and mesh were un- 
dertaken only on samples in which the mesh was still 
attached to the central axis, thus assuring no confusion 
in determining the source of mesh relative to zoarial 
axes. 

Occurrence.— Archimedes wortheni is an abundant 
component of the Upper Warsaw fauna in the northern 
half of the study area, having its most abundant oc- 
currence in Geode Glen (Warsaw Beds) at Warsaw. It 
is found primarily in rocks deposited in lower-energy 
environments, such as argillaceous biocalcilutites and 
shales; it rarely occurs in biocalcarenites. 

Holotype.—AMNH 7525/1 (Hall Coll. 5058/1). 

Topotypes.—ISGS(ISM) 10636, ISGSCISM) 2780-1/2, 
UI X-28-1/3. 

Figured and/or measured specimens.—UI1 X-7005, 
7012, 7004, 7014, 6995-7000, 6874, 6991, 6992, 7002 
(loc. 11, samples 48, 50, 51, 58, 61, 63), 6990, 6994, 
7007, 7008 (loc. 29, sample 5). 


Archimedes valmeyeri, new species 
Plate 60, figures 3-9, Plate 61, figures 1-8, 
Plate 62, figures 1-6; Table 40 


Etymology of name.—Named for the species’ prime 
area of occurrence: Valmeyer, Illinois. 

Diagnosis.—Zoarium moderately robust, mesh close, 
pattern extremely regular; central axis well-developed, 
moderately robust, volutions dextral or sinistral, di- 
verging from axis at moderately constant angle (mean 
of approximately 43°), pillarlike supports between 
flanges of spiral; branch robustness pronounced, width 
intermediate, thick in depth; branches straight on ob- 
verse and sinuous on reverse surface; transversely cir- 
cular to ovate, becoming highly elliptical with asto- 
geny, spacing close and joined at highly regular intervals 
by intermediate-width, short dissepiments. Fenestrule 
size lower-end intermediate; shape irregularly elliptical 
on obverse, irregularly elliptical to ovate, to more rare- 
ly circular to square on reverse; size and shape both 
variable. Autozooecial aperture size lower-end inter- 
mediate, shape symmetrically circular, irregularly cir- 
cular to slightly ovate, elongate slightly proximodis- 
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tally, proximoabaxially, or perpendicular to direction 
of branch growth; surrounded by thin, well-developed 
complete or incomplete peristome, open at proximal 
to proximal-adaxial edge; small apertural stylets, seven 
to 16 per aperture (mean of 11.5), positioned atop 
peristome; two to three (most commonly three) aper- 
tures per fenestrule. Single narrow, continuous keel 
present; keel slightly anastomosing to approaching 
straight, extending along middle of obverse branch sur- 
face, atop which are positioned intermediate-size nodes; 
nodes circular, ovate to slightly stellate, slightly elon- 
gate proximodistally. Autozooecial chamber size low- 
er-end intermediate, chambers emplaced in two rows, 
except either third row at sites of branch bifurcation 
or more rarely three rows for moderate distances prox- 
imal to sites of branch bifurcation; outline irregularly 
ovate to rounded triangle near reverse wall, irregularly 
pentagonal throughout most of chamber depth, irreg- 
ularly elliptical to more rarely irregularly ovate near 
obverse surface. Chamber longest dimension parallel 
to reverse wall proximodistally. Aperture at distal-ab- 
axial end of chamber, connected to chamber by inter- 
mediate, highly variable length vestibule. Superior and 
inferior hemisepta both absent. Lateral-wall budding- 
angle highly variable (mean of approximately 20°); re- 
verse-wall budding-angle highly constant (mean of 58°). 
Heterozooecia (ovicells?) occurring as pronounced 
globular expansions infilling fenestrules. 

Table 40 presents statistical criteria used in delim- 
iting this species. 

Exterior description.—Zoarium moderately robust; 
forming a slightly cupped, fan-shaped expansion ra- 
diating outward from the exteriormost edge of a spi- 
raling central axis; mesh spacing close; pronounced 
astogenetic thickening of obverse, extremely pro- 
nounced astogenetic thickening of reverse zoarial skel- 
eton; zoarial mesh pattern extremely regular. Central 
axis moderately robust, well-developed, maximum di- 
ameter highly variable (mean of 14.48 mm), exhibiting 
pronounced thickening immediately distal to site of 
initial axis development; volution spacing irregular 
(mean spacing 3.77 mm), developing into either a dex- 
tral or sinistral spiral; zoarial mesh diverging from 
central axis ata mean angle of approximately 43°, mod- 
erately constant. Distal end of axial flange flat or slight- 
ly concave; proximal side flat to slightly concave; both 
sides of axis exhibiting striated texture spiraling around 
and outward from central axis, resulting from thick- 
ening of lamellar skeletal material around axis with 
astogeny. Pillarlike supports rare, develop between 
flanges along axis; zoarial mesh overgrown by zoarial 
skeleton from axis development during astogeny. 
Probable mature zoarial width up to 20 cm, length of 
50 cm. 

Branch robustness pronounced; width intermediate, 


Table 40.—Summary numerical analysis of Archimedes valmeyeri, 
n. sp. For explanation of abbreviations of characters (left column), 
see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.3716 0.0769 20.69 0.225-0.505 
2. DBC 24 0.4818 0.0553 11.48  0.431-0.575 
3. WD 24 0.2317 0.0390 16.83 0.194-0.306 
4. LF 24 0.4786 0.1204 25.16 0.350-0.675 
5. WF 24 0.2425 0.0801 33.03 0.105-0.363 
6. AF 24 2.67 0.49 18.46 2-3 
7. AL 24 0.1112 0.0086 7.73 0.096-0.127 
8. AW 24 0.0872 0.0126 14.45. 0.069-0.105 
9. ADB 24 0.2198 0.0154 7.01 0.196-0.246 
10. AAB 24 0.2407 0.0252 10.47. 0.208-0.293 
11. ABB 24 0.2687 0.0521 19.39 -0.169-0.365 
12. DN 24 0.0923 0.0243 26.33 0.055-0.140 
13. DND 24 0.0860 0.0241 28.02 0.055-0.132 
14. SNB 24 0.1652 0.0437 26.45 0.090-0.224 
15. WK 24 0.0187 0.0028 14.97 0.015-0.023 
16. DSO 24 0.0081 0.0019 23.46 0.005-0.012 
17. SSO 24 0.0218 0.0092 42.20 0.011-0.039 
18. WP 24 0.0154 0.0052 33.77. 0.011-0.027 
19. SA 24 Li50 2.61 22.70 7-16 
20. SAD 24 0.0140 0.0054 38.57  0.009-0.026 
22. RSS 24 0.0099 0.0036 30.36 ~=0.006-0.019 
24. SSS 24 0.0158 0.0079 50.00  0.008-0.034 
27. WSC 24 14.5 3.2 45.92 3.2-26.4 
28. DCA 24 3.8 Let 28.52 2.7-6.1 
29. ACA 24 42.58 4.19 9.84 38-52 
30. OL 16 0.2594 0.0305 11.76 0.212-0.290 
31. OW 16 0.2096 0.0921 157331 0.199-0.299 
32. TRW 24 0.0129 0.0024 18.60 0.008-0.016 
33. TLW 24 0.0135 0.0025 18.52. 0.010-0.018 
34. FWT 24 0.1396 0.0726 52.01 0.043-0.292 
35. RWT 24 0.2926 0.1646 56.25  0.086-0.686 
36: CL 24 0.2293 0.0110 4.80  0.214-0.251 
37. CD 24 0.1382 0.0101 T3i1 0.124-0.158 
38. MAW 24 0.1193 0.1097 8.13 0.105-0.140 
39. MIW 24 0.0681 0.0110 16.15  0.050-0.088 
40. VD 24 0.1030 0.0351 34.08  0.039-0.143 
41. RA 24 58.0 3.67 6.32 51-64 
42. LA 24 19.67 6.39 32.47 10-30 
43. TB 24 0.5685 0.1598 28.11 0.286-0.852 


variable, depending on degree of astogenetic thickening 
of lamellar skeleton; straight as observed on obverse 
surface, highly sinuous and irregular on reverse surface 
due to astogenetic thickening of lamellar skeleton. 
Branch spacing close, distance between adjacent branch 
centers highly regular. Obverse surface texture slightly 
granular, coarsening with astogeny; surface rounded, 
except for presence of single narrow, well-developed 
keel; keel continuous, straight to slightly anastomosing, 
extending along branch midline, causing slight to mod- 
erate positive inflection in obverse surface profile. Keel 
covered by lamellar skeleton with astogeny. Nodes 
monoserially emplaced, well-developed, size inter- 
mediate; shape circular, ovate to slightly stellate, elon- 
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gate proximodistally; nodes variable in size, highly 
variable in shape; develop as projections from middle 
of keel; four to seven (most commonly five or six) 
nodes per fenestrule; node spacing close, moderately 
unevenly spaced; node diameter increasing with as- 
togeny. Small stylets, variably sized and highly vari- 
ably positioned, occurring across obverse branch sur- 
face. Reverse surface texture granular, coarsening with 
astogeny; bearing an intermediate number of closely 
to intermediately spaced longitudinal striae which rap- 
idly become covered by lamellar skeleton during as- 
togeny; rows of small microstylets, closely spaced, de- 
velop as extensions of longitudinal striae along reverse 
branch surface; microstylets variable in size, diameters 
increase with astogeny; microstylets become highly 
variably positioned across reverse branch surface. Au- 
tozooecia in two rows across branch, except either third 
row at sites of branch bifurcation, or more rarely three 
rows extending for short to moderate distances prox- 
imal to sites of branch bifurcation. Heterozooecia (ovi- 
cells?) occurring as pronounced globular expansions 
infilling fenestrules; mean widths and lengths of poly- 
morphs slightly greater than twice autozooecial aper- 
ture widths and lengths; polymorph length moderately 
greater than width, ratio approximately 4:5; connec- 
tion between polymorph and autozooecial chamber 
lacking; polymorphs most commonly located imme- 
diately distal from central axis along branch. 
Dissepiments of intermediate width, approximately 
five-eighths that of branch, moderately constant; short, 
moderately constant in length; connect branches at 
moderately regular intervals. Dissepiments exhibit 
shght medial thinning, slight flaring at branch-dissep- 
iment junction; slightly recessed from obverse, ap- 
proximately even with reverse branch surface. Ex- 
tremely pronounced astogenetic thickening of 
dissepiments toward proximal end of zoarium. Ob- 
verse dissepiment surface with single longitudinal ridge 
emplaced perpendicular to branch length; one to three 
(most commonly two) intermediate-size stylets devel- 
op as extensions of ridge; small stylets, similar in size 
to obverse branch stylets, develop across dissepiment 
surface; ridge covered by lamellar skeleton, nodes and 
stylets increase in diameter during astogeny; reverse 
dissepiment surface with an intermediate number of 
rows of longitudinal striae atop which occur closely 
spaced rows of small microstylets; longitudinal striae 
rapidly become covered by lamellar skeleton, micro- 
stylets become more irregularly positioned across dis- 
sepiment surface with astogeny. Obverse dissepiment 
surface texture slightly granular, reverse surface texture 
granular, both coarsening with astogeny. Emplacement 
of dissepiments perpendicular to moderate angle from 
perpendicular to branch length. Apertures commonly 
positioned on proximal or distal edge, or in middle of 


nN 


dissepiment edge at branch—dissepiment contact; ar- 
ranged symmetrically or asymmetrically between 
branches. 

Fenestrule size lower-end intermediate; shape irreg- 
ularly elliptical on obverse surface, irregularly elliptical 
to ovate, elongate proximodistally, to more rarely cir- 
cular to square on reverse; variable in both size and 
shape; moderately to highly expanding in width and 
length in obverse-reverse direction. Width of fenes- 
trule approximately two-thirds branch width on ob- 
verse surface, appreciably greater than branch width 
on reverse; fenestrule size greatly reduced toward prox- 
imal end of zoarium, toward central axis, and toward 
distal edge of mesh where zoarial supports develop, 
due to pronounced astogenetic thickening of lamellar 
skeleton. Width to length ratio of fenestrule moderately 
to highly variable, ranging from approximately 1:1 to 
1:6; ratio of fenestrule mean width to length approx- 
imately 1:2; length slightly more constant than width, 
both highly variable. Two to three (most commonly 
three) apertures per fenestrule length; distance between 
closest aperture centers along branch approximately 
nine-tenths distance along branch, spacing across fe- 
nestrule approximately 1.2 times greater than distance 
between closest apertures along branch; spacing along 
and across branch moderately constant, spacing across 
fenestrule variable. 

Autozooecial aperture size lower-end intermediate, 
shape symmetrically circular, irregularly circular to 
slightly ovate, enlarged slightly at distal end; elongate 
slightly proximodistally, proximoabaxially, or perpen- 
dicular to direction of branch growth; where elongate, 
width to length ratio approximately 7:9; length mod- 
erately uniform, width moderately variable, shape 
variable; opening oriented parallel to plane of obverse 
surface; aperture surrounded by thin, well-developed 
complete or incomplete peristome; where incomplete, 
peristome open up to one-fourth of aperture at prox- 
imal to proximal-adaxial edge of aperture. Small ap- 
ertural stylets develop as projections from peristome, 
seven to 16 per aperture (mean of 11.5); apertural sty- 
lets highly variable in size and number. Aperture mar- 
gins extend into fenestrule, causing pronounced in- 
flections in fenestrule outline on obverse surface. 
Centrally thickened terminal diaphragms occurring at 
proximal end of zoarium and near zoarial axis. 

Zoarial supports extremely well-developed, forming 
as extensions of reverse zoarial surface and distal edge 
of mesh radiating outward from central axis. Lamellar 
skeleton on supports developing at lateral edge of mesh 
frequently covers apertures and fills fenestrules. 

Interior description.— Branches circular to ovate in 
transverse section at distal end of zoarium and away 
from central axis, elongate parallel to plane of obverse 
surface, slightly enlarged on obverse surface; with as- 
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togeny branches become moderately to highly elon- 
gate-elliptical in shape in transverse view, elongate in 
obverse-reverse direction due to pronounced addition 
of lamellar skeleton to reverse branch surface. Branch- 
es thick, variable in depth. 

Autozooecial chamber size lower-end intermediate, 
chambers biserially arranged along planar branch axial 
wall; axial wall highly sinuous near reverse wall, be- 
coming moderately sinuous throughout mid chamber, 
extending toward and connecting with chamber lateral 
walls; becoming very slightly sinuous to approaching 
straight near obverse surface. Chamber longest dimen- 
sion parallel to reverse wall in proximodistal direction. 
Autozooecial chamber outline irregularly ovate to 
rounded triangle near reverse wall, rapidly becoming 
irregularly pentagonal in mid chamber and throughout 
most of chamber depth; irregularly elliptical to more 
rarely irregularly ovate near obverse surface, slightly 
enlarged at distal end, longest dimension near obverse 
surface oriented distal-abaxially, chamber shape highly 
uniform. Aperture positioned at distal-abaxial end of 
chamber, connected to chamber by extremely well- 
developed, intermediate-length vestibule; vestibule 
highly variable in length. Ratio of autozooecial cham- 
ber minimum width to maximum width approxi- 
mately 4:7; maximum width slightly less than depth, 
ratio about 6:7; chamber depth to length ratio ap- 
proximately 3:5; chamber maximum width, depth and 
length highly constant, minimum width highly vari- 
able. Superior and inferior hemisepta both absent. Au- 
tozooecial chambers diverge laterally from middle of 
branch at a highly variable angle (mean of approxi- 
mately 20°); from reverse wall at highly constant angle 
(mean of 58°). 

Three-dimensionally reconstructed chamber form a 
slightly irregular rectangular box; length, viewed from 
lateral edge of branch substantially greater than depth, 
viewed from distal end of branch; which is slightly 
greater than width, viewed from obverse surface. 

Internal granular skeletal layer thick; granular skel- 
etal layer extremely well-developed, continuous with 
obverse nodes and nodes occurring on dissepiments, 
stylets, keel, peristome, and apertural stylets; reverse 
longitudinal striae and microstylets; across dissepi- 
ments and in the middle of zoarial supports. Outer 
lamellar layer extremely thick, exhibiting pronounced 
astogenetic thickening; zoarial central axis formed of 
massively accreted lamellar skeleton which completely 
covers mesh surface at site of and near central axis. 

Remarks.—The chamber shape, size, and placement 
of A. valmeyeri closely resemble those of A. owenanus. 
A. valmeyeri is distinguished by shorter and slightly 
wider fenestrule openings, wider and deeper branches, 
slightly larger aperture openings, greater spacing of ap- 
ertures along, across, and between branches, fewer ap- 


ertural stylets (similar in number to 4. wortheni), much 
more numerous and closely spaced nodes atop keel 
along obverse surface, and appreciably lower angle be- 
tween the distal end of the axis and the axial whorl. 
Autozooecial chamber size is very similar between A. 
valmeyeri and A. owenanus, suggesting extremely close 
phylogenetic positioning of these two species. 

Extremely well-developed supports at the distal end 
of the zoarial mesh suggest 4. valmeyeri was highly 
specialized for growth in a muddy substrate or sup- 
ported itself by resting on shells. Such supports are 
found only in this species of Archimedes Hall, 1858 
and are useful for species recognition in the field. 

Material studied.—Fourty-one exterior fragments, 
11 sectioned specimens; largest zoarial fragment 16 x 
34 cm (width to length). The preservation of the central 
axis is generally good, although frequently axes are 
partially silicified, probably due to the presence of 
moderately abundant detrital clays, which acted as a 
source of silica. Interior analyses of mesh were under- 
taken only on samples in which the mesh was still 
attached to the central axis, minimizing confusion in 
determining the source of the mesh relative to the zoar- 
ial axes analyzed. 

Occurrence. — Archimedes valmeyeri is a moderately 
abundant component of the Warsaw fauna in the 
southern part of the study area, occurring throughout 
the Warsaw at the Valmeyer and St. Louis localities, 
and found as far north as White Hall. It occurs pri- 
marily in low-energy environments, in argillaceous 
biocalcilutites and shales, and more rarely in biocal- 
carenites. 

Holotype.—UI X-6987 (loc. 49B, sample 13). 

Paratypes.— UI X-6988, 6989 (loc. 47A, sample 35), 
6976-6982, 6946 (loc. 49B, samples 10, 12, 15, 20). 


Family POLYPORIDAE Vine, 1884 


Zoaria robust, fan-shaped, constructed of branches 
bifurcating at regular to variable intervals. Dissepi- 
ments connect branches at varying distances (trans- 
verse links lacking autozooecial chambers) which may 
or may not have apertures opening onto the dissepi- 
ments at branch-dissepiment edge. Each individual 
(autozooecium) with a single apertural opening; open- 
ings occurring on one side of fan, the front or obverse 
surface, the back or reverse surface being without ap- 
ertural openings. Three to seven rows of zooecia typ- 
ically present across each branch. Exterior obverse or- 
namentation can consist of longitudinal keels [rarely 
occurring in the polyporids and referred to as carina 
by some authors]; nodes of various forms positioned 
along branch surfaces and/or on dissepiments; stylets 
positioned down the branch, on dissepiments and/or 
around apertures; peristomal structures and hetero- 
zooecial features. Reverse exterior surfaces frequently 
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with longitudinal striae, microstylets and macrostylets 
of varying sizes, zoarial supports, and exhibiting pro- 
nounced astogenetic changes. Interior features include 
typical autozooecial chamber shape and orientation 
(elongate chamber characteristically emplaced at an 
acute angle to reverse wall), infrequent presence of su- 
perior hemiseptum (adjacent to obverse interior wall), 
vestibule and terminal diaphragms. 

Range.—Ordovician to Permian. 

Genera included.—The Warsaw genera Polypora 
McCoy, 1844, and Fenestralia Prout, 1858a, are in- 
cluded in this family. 


Genus FENESTRALIA Prout, 1858a 


Type species.—Fenestralia sanctiludovici Prout, 
1858a [Mississippian, Meramec, Missouri]. 

Diagnosis.—Zoarium robust, mesh spacing close to 
open; chamber outline irregularly pentagonal, rectan- 
gular or a parallelogram in mid tangential section, 
chamber size intermediate; chambers emplaced in two 
adaxial and two abaxial rows away from medial axial 
wall from which keel develops; aperture size inter- 
mediate; superior hemiseptum poorly developed, in- 
ferior hemiseptum absent; chamber reverse-wall bud- 
ding-angle 42° (mean), adaxial zooecia bud from reverse 
zoarial wall, abaxial zooecia bud from two rows of 
abaxial axial walls. 

Three-dimensionally reconstructed chamber form a 
slightly rectangular tube. 

Description.—Zoarium robust, expansion flat to ob- 
versely curved, mesh spacing varying from close to 
open, irregular. 

Branches wide, straight to sinuous in trace with lat- 
eral branches broadly curved toward edge of zoarium; 
branch surface rounded. Keel present, single, width 
intermediate, thickening with astogeny and frequently 
covered by lamellar skeleton. Nodes present, emplace- 
ment monoserial, large, shape ovate to elliptical, lo- 
cated in middle of keel, spacing intermediate. Obverse 
stylets present, size intermediate, occurring across ob- 
verse surface. Microstylets present, small. Macrostylets 
absent. Autozooecia in four rows, two rows on each 
side of medial keel; five to six rows of autozooecia at 
sites of branch bifurcation or for distance along branch 
proximal to site of branch bifurcation. Heterozooecia 
(ovicells?) present. 

Dissepiments of intermediate width, length inter- 
mediate, connnect branches at regular intervals. 

Fenestrule size intermediate to large, shape elliptical 
to ovate. 

Aperture size intermediate, shape circular to ovate; 
adaxial two rows oriented approximately parallel to 
plane of obverse suface, abaxial two rows oriented ap- 
proximately perpendicular to plane of obverse surface. 
Peristome present, complete; apertural stylets absent; 


terminal diaphragms present, located throughout zoar- 
ium. 

Branch shape circular, ovate to polygonal in cross- 
section, thick in depth. 

Autozooecial chamber size intermediate, chambers 
arranged in four rows, two adaxial and two abaxial, 
along three straight to slightly sinuous axial walls; mid 
axial wall separates adaxial rows of zooecia, lateral 
axial walls form reverse wall for abaxial rows of zooe- 
cia; maximum chamber length parallel to proximal and 
distal lateral chamber walls. Chamber outline ovate 
near reverse wall; becoming rectangular to parallelo- 
gram-shaped to more rarely irregularly pentagonal in 
mid chamber and throughout most of chamber depth; 
bilobate-ovate near obverse surface. Vestibule present, 
length intermediate. Superior hemiseptum present, 
poorly developed at proximal-abaxial vestibular edge: 
inferior hemiseptum absent. Adaxial lateral-wall bud- 
ding-angle 17° (mean); abaxial lateral-wall budding- 
angle 51° (mean); reverse-wall budding-angle the same 
for both adaxial and abaxial rows of zooecia (mean of 
42°). Lamellar skeletal layer thickness intermediate, 
exhibiting moderate astogenetic thickening; granular 
skeletal layer thickness intermediate, exhibiting no as- 
togenetic thickenings. 

Three-dimensionally reconstructed chamber form a 
slightly rectangular tube. 

Text-figure 17 illustrates zoarial outlines in longi- 
tudinal, tangential, and transverse orientations, and 
three-dimensional chamber reconstructions from dis- 
tal, abaxial edge of branch, and obverse surfaces. 

Remarks .—Fenestralia was described by Prout 
(1858a) from Warsaw materials collected near Mera- 
mec, Missour1. Members of this genus are readily rec- 
ognized in exterior view by the pronounced median 
keel from which two rows of autozooecia develop on 
either side. 

Particular care must be taken in sectioning and ori- 
enting specimens of Fenestralia, as adaxial chambers 
are oriented parallel to the obverse surface and abaxial 
chambers are oriented perpendicular to the obverse 
surface. When taking this into consideration when sec- 
tioning, one finds adaxial and abaxial chambers to be 
identical in shape. 

Only a single species, F. sanctiludovici, is known. 
The distinctive nature of abaxial zooecial budding from 
lateral rows of axial walls is not found in any other 
fenestrate, a feature that warrants generic recognition. 

Fenestralia can be distinguished from Polypora Mc- 
Coy, 1844, the most similar genus, by presence of a 
keel along the middle of the branch obverse surface, 
lack of apertural stylets, abaxial rows of zooecia bud- 
ding from lateral rows of axial walls, and presence of 
a superior hemiseptum. Significant similarities in 
chamber shape exist. 
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Species composition.—F. sanctiludovici is the only 
known species. 

Range.— Mississippian; restricted to the Kinder- 
hookian and the Valmeyeran. 


Fenestralia sanctiludovici Prout, 1858a 
Plate 63, figures 1-10, Plate 64, figures 1-8; Table 41 


Fenestralia St. Ludovici Prout, 1858a, p. 235, pl. 15, figs. 1-la. 

Fenestralia sancti-ludovici Prout. Ulrich, 1890, p. 604, pl. 55, fig. 5 
[St. Louis Group and Warsaw Beds: St. Louis and Barrett’s Station, 
Missouri; Monroe County, Alton, Columbia, and Warsaw, IIli- 
nois]; Simpson, 1895b, p. 717, fig. 62; Burckle, 1960, pp. 1090- 
1091, pl. 12a, figs. 6, 12. 

Fenestralia? sancti-ludovici Prout. Keyes, 1894, p. 30 [St. Louis 
Limestone: St. Louis, Missouri]. 


Diagnosis.—Zoarium robust, mean mesh spacing 
lower-end intermediate, varying from close to open, 
pattern moderately to highly irregular; branches ro- 
bust, width wide, extremely thick in depth; branches 
straight to slightly sinuous, broadly curved at lateral 
zoarial edge; transversely circular, irregularly circular, 
ovate to polygonal, spacing intermediate to close; 
branches joined at moderately constant intervals by 
intermediate-width, intermediate-length dissepi- 
ments. Fenestrule size large; shape irregularly elliptical 
to rarely irregularly ovate, moderately variable. Au- 
tozooecial aperture size lower-end intermediate, shape 
symmetrically circular, irregularly circular to irregu- 
larly ovate, slightly elongate proximodistally to prox- 
imoabaxially, surrounded by upper-end intermediate 
width, well-developed, complete peristome; four to 
seven (most commonly five) apertures per fenestrule. 
Single intermediate-width, continuous keel along 
branch midline, forming division between the four rows 
of autozooecia; large, ovate to elliptical nodes, elongate 
proximodistally, positioned atop keel. Autozooecial 
chamber size intermediate; chambers emplaced in four 
rows, adaxial chamber rows alternating, abaxial rows 
alternating or adjacent, either five or six rows at sites 
of branch bifurcation or five or six rows for moderate 
to pronounced distances proximal to sites of branch 
bifurcation; outline irregularly ovate near reverse wall, 
becoming irregularly pentagonal toward mid chamber; 
rectangular to parallelogram-shaped in mid chamber 
and throughout most of chamber length; biolbate ovate 
near obverse surface, enlarged at distal end with in- 
flection at proximo-adaxial apertural edge; shape and 
symmetry of adaxial and abaxial autozooecial cham- 
bers equal. Chamber longest dimension parallel to 
proximal and distal lateral chamber walls. Aperture at 
distal-abaxial end of chamber for both adaxial and 
abaxial rows of autozooecia, connected to chamber by 
intermediate, highly variable length vestibule. Short 
superior hemiseptum present at proximal apertural 
edge, inferior hemiseptum absent. Lateral-wall bud- 


ding-angle of adaxial two rows of autozooecial cham- 
bers moderately variable, mean of 17°; lateral budding 
angle of abaxial two rows of autozooecial chambers 
moderately variable (mean of 51°); reverse-wall bud- 
ding-angle of adaxial and abaxial rows of chambers 
both highly constant (mean approximately 42°). En- 
larged autozooecial chambers (ovicells?) observed in 
tangential section, length same as autozooecia, width 
1.35 times greater. Table 41 presents statistical criteria 
used in delimiting this species. 

Exterior description.—Zoarium robust, expansion 
flat to slightly obversely curved, fan-shaped; mean mesh 
spacing lower-end intermediate, varying from close to 
open; moderate astogenetic thickening of both obverse 
and reverse lamellar skeleton; zoarial pattern moder- 
ately to highly irregular. Probable mature widths 30 to 
50 mm; lengths 20 to 60 mm. 

Branches robust; wide, variable in width; straight to 
slightly irregularly sinuous, lateral branches commonly 
broadly curved toward edge of zoarium. Branch spac- 
ing intermediate to more rarely close in some zoarial 
fragments, distance between adjacent branch centers 
variable. Obverse surface texture slightly to moder- 
ately granular, coarsening with astogeny; surface well- 
rounded, except single intermediate-width, well-de- 
veloped keel; keel continuous, straight, extending along 
branch midline and causing moderate to pronounced 
positive inflection on obverse surface. Keel thickens, 
becomes partially covered by lamellar skeleton and 
partially overgrows adaxial edge of middle aperture 
with astogeny. Single rows of well-developed, large, 
ovate to elliptical nodes, elongate proximodistally; size 
and shape of nodes moderately regular; nodes pro- 
jecting from middle of keel; one to two per fenstrule 


Text-figure 17.— Fenestralia sanctiludovici illustrated. 1, diagram- 
matic longitudinal section illustrating changing chamber outline for 
adaxial rows of chambers from deep section near middle of branch 
(bottom of figure) to shallow section (top of figure) [Abaxial rows of 
chambers exhibit same chamber outlines, but require a longitudinal 
section to be oriented at an angle from perpendicular required for 
adaxial rows. Observe relatively low reverse-wall budding-angle (ar- 
row) typical of genera exhibiting more than two rows of chambers 
across the branch.], x 70; 2, diagrammatic tangential section showing 
change in chamber outline of adaxial chambers from deep section 
near reverse-wall budding-site (bottom of figure) to shallow section 
near obverse surface (top of figure) [Poorly developed superior hemi- 
septa are illustrated in this figure (arrow).], x 70; 3, diagrammatic 
transverse section across branch [Observe orientation of adaxial (ar- 
row a) and abaxial (arrow b) aperture openings relative to plane of 
obverse surface.], x 70; 4, reconstruction of typical chamber shape 
(three-dimensional) as viewed from distal end of branch; chamber 
reconstructed is from the right adaxial side of branch, = 140; 5, 
reconstruction of typical adaxial chamber shape (three-dimensional) 
as viewed from abaxial edge of branch, x 140; 6, reconstruction of 
typical adaxial chamber (three-dimensional) as viewed from obverse 
surface; chamber reconstructed is from right side of branch [Observe 
slight inflection into chamber caused by poorly developed superior 
hemiseptum (arrow).], x 140. 
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length; nodes intermediately, moderately unevenly 
spaced, frequently occurring at or near sites of branch— 
dissepiment junction; with astogeny node diameter in- 
creases and nodes frequently become partially to com- 
pletely covered by secondary lamellar skeleton of keel. 
Lower-end intermediate-size stylets, highly variably 
sized and variably positioned along obverse surface; 
most commonly positioned between nodes along keel 
or at abaxial edges of keel, more rarely across branch 
surface. Reverse surface texture moderately granular, 
coarsening with astogeny; bearing relatively few rows 
of intermediately spaced longitudinal striae atop which 
are positioned rows of upper-end small-size, inter- 
mediately spaced, variably sized microstylets. Longi- 
tudinal striae become covered by lamellar skeleton with 
astogeny and microstylets become larger, more un- 
evenly positioned across surface. Autozooecia ar- 
ranged in four rows, except either five or six rows at 
sites of branch bifurcation or five or six rows for mod- 
erate to pronounced distances proximal to sites of 
branch bifurcation; branches with pronounced thick- 
ening proximal, pronounced thinning distal to sites of 
branch bifurcation. 

Dissepiment width intermediate, approximately 
three-fifths width of branch, width moderately vari- 
able; length intermediate, highly variable; connect 
branches at moderately constant intervals. Dissepi- 
ments with slight medial thinning, flaring at branch— 
dissepiment contact; moderately recessed from ob- 
verse surface, approximately even with reverse surface. 
Moderate to pronounced astogenetic thickening of dis- 
sepiment. Obverse dissepiment surface with one to two 
longitudinal ridges emplaced perpendicular to branch 
length, atop which are positioned lower-end interme- 
diate-size stylets; ridges become covered by lamellar 
skeleton, stylets become more variably positioned 
across obverse surface with astogeny; reverse dissepi- 
ment surface also with longitudinal ridges atop which 
are positioned upper-end small microstylets; ridges 
covered by lamellar skeleton, microstylets more vari- 
ably positioned across obverse surface with astogeny; 
obverse dissepiment surface texture slightly to mod- 
erately granular, reverse surface texture moderately 
granular, both coarsening with astogeny. Emplacement 
of dissepiments perpendicular or approaching perpen- 
dicular to branch length. Abaxial apertures typically 
project toward and open onto dissepiment at branch— 
dissepiment contact, frequently highly projecting onto 
dissepiment, less frequently positioned at proximal or 
distal edge of dissepiment; typically arranged sym- 
metrically between branches, less frequently arranged 
asymmetrically between branches. 

Fenestrule size large; shape typically irregularly el- 
liptical to more rarely irregularly ovate, highly elongate 
proximodistally; moderately variable in size and shape; 


Table 41.—Summary numerical analysis of Fenestralia sanctilu- 
dovici Prout, 1858a. For explanation of abbreviations of characters 
(left column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.5700 0.1250 21.93 0.414-0.833 
2. DBC 24 0.9370 0.2160 23.05 0.500-1.200 
3. WD 24 0.3460 0.0860 24.86 0.244-0.560 
4. LF 24 1.2600 0.2117 17.22  1.000-1.670 
5. WF 24 0.4720 0.1390 29.45 0.280-0.720 
6. AF 24 Sel 0.83 16.16 4-7 
TANS 24 0.1030 0.0094 9.13 0.088-0.113 
8. AW 24 0.0810 0.0091 11.23 0.063-0.092 
9. ADB 24 0.2640 0.0400 15.15  0.203-0.358 
10. AAB 24 0.1970 0.0320 16.24 0.120-0.269 
11. ABB 24 0.5810 0.1570 27.02 0.356-0.890 
12. DN 24 0.1270 0.0310 24.41 0.080-0.180 
14. SNB 24 0.5840 0.1230 21.06 0.380-0.820 
15. WK 24 0.0690 0.0164 23.77 0.045-0.106 
16. DSO 24 0.0111 0.0029 26.12 0.008-0.017 
17. SSO 24 0.0262 0.0081 30.92 0.014—0.042 
18. WP 24 0.0423 0.0091 21.51 0.028-0.058 
22. RSS 24 0.0174 0.0100 57.47 0.008-0.022 
24. SSS 24 0.0462 0.0140 30.30 0.029-0.074 
32. TRW 24 0.0098 0.0023 23.46 0.006-0.014 
33. TLW 24 0.0088 0.0020 22.72 0.005-0.012 
34. FWT 24 0.1133 0.0695 61.34 0.034—0.286 
35. RWT 24 0.1718 0.1172 68.22 0.054-0.471 
36. CL 24 0.3883 0.0204 2.67 0.370-0.410 
37. CD 24 0.1423 0.0120 8.43 0.124-0.162 
38. MAW 24 0.1208 0.0090 7.45 0.108-0.140 
39. MIW 24 0.0610 0.0119 19.51  0.042-0.082 
40. VD 24 0.0815 0.0291 35.71  0.037-0.129 
41. RA 24 41.75 2.73 6:55 38-47 
42A. LA-1 24 ess 3.45 13.89 12-24 
42B. LA-2 24 51.00 6.55 12.85 42-66 
43. TB 24 0.6543 0.1196 18.28 0.486-0.870 
44. WOT 10 0.1630 0.0187 11.47 0.142-0.177 


equal in size and shape on both obverse and reverse 
surfaces. Mean width of fenestrule slightly less than 
branch width, ratio approximately 5:6; fenestrule 
opening moderately decreasing in size toward proximal 
end of zoarium due to astogenetic thickening of la- 
mellar skeleton. Width to length ratio of fenestrule 
ranging from 7:10 to 1:6; moderately variable, mean 
ratio of width to length approximately 3:8; length of 
fenestrule more constant than width. Four to seven 
(most commonly five) apertures per fenestrule length; 
distance between closest aperture centers along branch 
1.34 times spacing across branch, spacing across fe- 
nestrule 2.95 times spacing across branch; spacing along 
and across branch moderately variable, spacing across 
fenestrule highly variable. 

Autozooecial aperture size lower-end intermediate, 
shape symmetrically circular, irregularly circular to ir- 
regularly ovate, slightly elongate proximodistally or 
proximoabaxially; width to length ratio approximately 
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7:9, size moderately uniform and shape variable; ad- 
axial rows of apertures open parallel to plane of obverse 
surface, abaxial rows of apertures opening into fenes- 
trule perpendicular to plane of obverse surface; upper- 
end intermediate-width, well-developed, continuous 
peristome present. Abaxial rows of aperture margins 
extend into fenestrule, causing slight inflections in fe- 
nestrule outline on obverse surface. Centrally thick- 
ened terminal diaphragms present, commonly occur- 
ring throughout the zoarium. 

Zoarial supports develop as extensions of reverse 
zoarial surface and lateral edge of zoarium. 

Interior description.— Branches circular, irregularly 
circular, ovate to polygonal in transverse section, 
slightly to moderately elongate parallel to plane of ob- 
verse surface; symmetrical on obverse or reverse sur- 
face. Branches thick, moderately variable in depth. 

Autozooecial living chamber size intermediate, 
chambers arranged in four rows along planar branch 
axial walls, adaxial rows alternating, abaxial rows al- 
ternating to adjacent; mid-axial wall straight in mid 
chamber and toward obverse surface, extending along 
branch midline dividing adaxial autozooecia which are 
emplaced in alternating rows, highly sinuous near re- 
verse wall, dividing adaxial two rows of chambers; 
abaxial two rows of chamber axial walls straight, acting 
as reverse walls for abaxial two rows of autozooecia, 
remaining moderately straight throughout branch 
depth. Chamber longest direction parallel to proximal 
and distal lateral chamber walls. Autozooecial cham- 
ber outline irregularly ovate near reverse wall, rapidly 
becoming irregularly pentagonal toward mid chamber; 
rectangular to parallelogram-shaped in outline in mid 
chamber and throughout most of chamber length; ir- 
regularly bilobate-ovate near obverse surface, enlarged 
at distal end with inflection into chamber at proximo- 
adaxial apertural edge; chamber shape highly uniform, 
same in both adaxial and abaxial rows of chambers. 
Aperture positioned at distal-abaxial end of chamber, 
connected to chamber by intermediate, highly variable 
length vestibule. Ratio of autozooecial chamber min- 
imum width to maximum width 1:2; width to depth 
ratio approximately 6:7; depth to length ratio approx- 
imately 3:8; maximum width, depth, and length highly 
constant, minimum width highly variable. Short, poor- 
ly developed superior hemiseptum present at proxi- 
mal-abaxial edge, inferior hemiseptum absent. Adaxial 
rows of autozooecial chambers diverge laterally from 
middle of branch at a moderately variable angle (mean 
approximately 17°); abaxial rows of autozooecial 
chambers diverge laterally from middle of branch at 
moderately variable angle (mean of 51°). Although ori- 
entation of apertures to chamber varies between ad- 
axial and abaxial rows of chambers, both adaxial and 


abaxial chamber shapes and dimensions are the same. 
Autozooecial chambers diverge from respective re- 
verse walls at a highly constant angle (mean approxi- 
mately 42°). Heterozooecia (ovicells?) present, evident 
in tangential section, length same as autozooecia, width 
1.35 times maximum chamber width; occurring most 
commonly toward proximal end of zoarium. 

Three-dimensionally reconstructed chamber form a 
slightly rectangular tube; length, viewed from lateral 
edge for adaxial and approximately 45° from perpen- 
dicular to obverse surface, substantially greater than 
depth, viewed from distal end of branch; which in turn 
is slightly greater than width, viewed from obverse 
surface. 

Internal granular skeletal layer thickness interme- 
diate; granular skeletal layer well-developed, contin- 
uous with obverse nodes, stylets, keel, and peristome; 
reverse longitudinal striae and microstylets; across dis- 
sepiments and in the middle of zoarial supports. Outer 
lamellar layer thickness intermediate, exhibiting mod- 
erate astogenetic thickening; covering apertures and 
keel with astogeny. 

Remarks.—Named by Prout (1858a) for materials 
found in the St. Louis Group near St. Louis, Missouri 
and Alton, Illinois. Ulrich (1890) recognized the spe- 
cies in the Warsaw Beds near Warsaw, Illinois as well 
as in the St. Louis near St. Louis, Missouri. 

F. sanctiludovici is readily distinguished by the pres- 
ence of a distinctive keel along the branch midline, 
dividing the four rows across the branch into two groups 
of two rows; inner adaxial rows oriented parallel to 
obverse surface and outer abaxial rows oriented at 
moderate angle toward the fenestrule. Lack of a keel 
in Polypora allows ready separation of F. sanctiludo- 
vici. Interior view allows delimitation of this species, 
based on the straight, well-developed mid-axial wall 
and adaxial two rows of autozooecia, basically iden- 
tical chamber shape between adaxial and abaxial rows 
of autozooecia, in conjunction with distinctive lateral- 
wall budding-angles between adaxial and abaxial au- 
tozooecia. 

This species has some similarities to species of Ban- 
astella, however four rows of autozooecia typically oc- 
cur across the branch in Fenestralia, whereas typically 
two rows are found in Banastella. 

Material studied.— Eighteen exterior fragments, two 
sectioned specimens; largest zoarial fragment 31 x 44 
mm (width to length). Moderately well-preserved due 
to robust nature of zoarium. 

Occurrence.—Common in Warsaw Beds at type sec- 
tion, present in Salem and St. Louis formations 
throughout study area. 

Holotype.—ISGS (ISM) 4486-1. 

Paratype.—ISGS (ISM) 4482-2. 
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Genus POLYPORA McCoy, 1844 


Flabelliporella Simpson, 1895a (fide Bassler, 1953, p. G125). 
Polyporella Simpson, 1895a (fide Bassler, 1953, p. G125). 
Polyporina Frederiks, 1920 (fide Bassler, 1953, p. G125). 


Type species.—Polypora dendroides McCoy, 1844 
{Lower Carboniferous of Ireland]. 

Typical Warsaw species.—Polypora varsoviensis 
Prout, 1858a, p. 237 [Warsaw, Illinois]. 

Diagnosis.—Zoarium robust, mesh spacing varying 
from close to open; chamber outline variable, ranging 
from elliptical, rectangular, hexagonal, triangular, ovate, 
to circular in mid tangential section, chambers in three 
to five rows diagonally across branch, chamber size 
intermediate to large; aperture size intermediate to 
large; superior and inferior hemisepta absent; chamber 
reverse-wall budding-angle varying between 18° and 
77° (means). Three-dimensionally reconstructed 
chamber form a polygonal or irregular tube. 

Description.—Zoarium robust, expansion flat, ob- 
versely or reversely curved to cupped, mesh varying 
from close to open, regular to irregular. 

Branches wide, straight to slightly sinuous in trace 
with lateral branches broadly curved toward edge of 
zoarium; branch surface rounded, angular to flat. Keel 
absent. Nodes present in most species, emplacement 
monoserial, size intermediate to large, shape stellate 
to ovate, located along middle of branch in straight to 
anastomosing rows, spacing intermediate to wide. Ob- 
verse stylets either present or absent, size intermediate 
to large, occurring in rows along or spaced across ob- 
verse surface. Microstylets present or absent, size in- 
termediate to large. Macrostylets present or absent, size 
large, positioned atop longitudinal striae or at branch— 
dissepiment junction. Autozooecia typically in three 
to five rows across branch; five to seven rows at or 
along branch proximal to sites of branch bifurcation. 
Heterozooecia (ovicells?) present in some zoarial frag- 
ments reported by other workers; none observed in 
Warsaw specimens. 

Dissepiment width thin to intermediate, length vary- 
ing from short to long, connecting branches at regular 
to variable intervals. 

Fenestrule size intermediate to large, shape highly 
variable, ranging from ovate, circular, rectangular, par- 
allelogram-shaped, elliptical, to polygonal. 

Aperture size intermediate to large, shape ovate, el- 
liptical, to circular; adaxial row(s) oriented parallel to 
plane of obverse surface, abaxial rows parallel to plane 
or at slight angle toward fenestrule. Peristome present, 
either complete or incomplete; apertural stylets pres- 
ent, develop as extensions at edge of peristome; ter- 
minal diaphragms present, located at proximal end or 
throughout zoarium. 

Branch shape elliptical, ovate, circular, to polygonal 
in cross-section, thick in depth. 


Autozooecial chamber size intermediate to large, 
chambers arranged in three to five rows along straight 
to slightly sinuous axial wall; maximum chamber length 
parallel to proximal and distal lateral chamber walls. 
Chamber outline ovate, circular, diamond-shaped, to 
polygonal near reverse wall; elliptical, rectangular, 
hexagonal, ovate, to circular in mid chamber and 
throughout most of chamber depth; ovate circular, bi- 
lobate-ovate to elliptical near obverse surface. Vesti- 
bule present, length intermediate to long. Superior and 
inferior hemisepta absent. Adaxial lateral-wall bud- 
ding-angle 7° to 12° (means); abaxial lateral-wall bud- 
ding-angle 25° to 47° (means); reverse-wall budding- 
angles constant within species, highly variable between 
species, ranging from 18° to 77°(means). Lamellar skel- 
etal layer thickness intermediate to thick, exhibiting 
slight to pronounced astogenetic thickening; granular 
skeletal layer thickness intermediate to thick, exhib- 
iting no astogenetic thickening. 

Three-dimensionally reconstructed chamber form a 
polygonal or irregular tube. 

Text-figure 18 illustrates zoarial outlines in longi- 
tudinal, tangential, and transverse orientations, and 
three-dimensional chamber reconstructions from dis- 
tal, abaxial edge of branch and obverse surfaces. 

Remarks.—Polypora was described by McCoy from 
Lower Carboniferous specimens from Ireland. Lack of 
medial keel, rows of obverse nodes, and three to seven 
rows of autozooecia across each branch allow ready 
recognition. 

Both adaxial and abaxial chambers, although differ- 
ing in orientation relative to the branch axis, have 
essentially the same chamber shape. Reverse-wall bud- 
ding-angle has a broad range for the genus: within spe- 
cies, however, this angle is highly constant. 

Zoarial characters are more varied in Polypora than 
in other meshwork fenestrates. Warsaw polyporid spe- 


Text-figure 18.—Polypora varsoviensis illustrated. 1, diagram- 
matic longitudinal section illustrating changing chamber outline for 
adaxial rows of chambers from deep section near middle of branch 
(bottom of figure) to shallow section (top of figure) [Low reverse- 
wall budding-angle (arrow) is typical of most species in this genus.], 
x 70; 2, diagrammatic tangential section showing changing chamber 
outlines from deep section near reverse-wall budding-site (bottom 
of figure) to shallow section near obverse surface (top of figure) 
{Adaxial (arrow a) and abaxial (arrow b) chamber outlines are ap- 
proximately the same in mid tangential section in Polypora.], x 40; 
3, diagrammatic transverse section across branch [Observe similar 
orientation of apertures to plane of obverse surface (arrows).], < 70; 
4, reconstruction of typical chamber shape (three-dimensional) as 
viewed from distal end of branch; chamber reconstructed is from 
right side of branch, x 70; 5, reconstruction of typical chamber shape 
(three-dimensional) as viewed from abaxial edge of branch, x 70; 6, 
reconstruction of typical chamber shape (three-dimensional) as viewed 
from obverse surface; chamber reconstructed is from right side of 
branch [Observe how length as shown in tangential view (Text-fig. 
18.2) only expresses a small amount of the total chamber length 
when viewed from the obverse surface.], x 70. 
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cies are highly distinctive, but available material does and P. simulatrix. 
not justify generic subdivision. Polypora spininodata Species composition.—Five Warsaw species of this 
and P. varsoviensis are closely allied, as are P. gracilis genus were recognized: P. gracilis, P. varsoviensis, P. 
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spininodata, P. simulatrix, and P. retrorsa. 
Range.—Ordovician to Permian. 


Polypora gracilis Prout, 1860 
Plate 65, figures 1-9, Plate 66, figures 1-4; Table 42 


Polypora gracilis Prout, 1860, p. 580. [Warsaw Limestone: Warsaw, 
Illinois]; Prout, 1866, p. 422, pl. 21., figs. 1, la [Keokuk Limestone: 
Warsaw, Illinois]; Ulrich, 1888, p. 73 [Waverly Group: Richfield 
and Sciotoville, Ohio]. 

Polypora(?) gracilis Prout. Ulrich, 1890, p. 590, pl. 61, figs. 10, 10a 
[Keokuk Group: Warsaw and Nauvoo, Illinois; Keokuk, Iowa; 
King’s Mountain, Kentucky]. 

Polypora cf. gracilis Prout. Sakagami, 1970, p. 689 [Upper Paleozoic: 
Thailand and Malaya]. 


Diagnosis.—Zoarium moderately robust, mean mesh 
spacing upper-end intermediate, varying from inter- 
mediate to wide, pattern highly irregular; branch ro- 
bustness intermediate to robust; branches thick in 
depth; branches wide, straight to slightly sinuous, 
broadly curved at lateral zoarial edge: transversely cir- 
cular, irregularly circular, ovate to polygonal, spacing 
upper-end intermediate to wide; branches joined at 
fairly regular intervals by lower-end intermediate width, 
upper-end intermediate to long dissepiments. Fenes- 
trules large; shape varying from rectangular to paral- 
lelogram-shaped to elliptical; variable. Autozooecial 
aperture size upper-end intermediate to lower-end large, 
shape irregularly ovate to approaching circular, elon- 
gate proximodistally to proximoabaxially, surrounded 
by intermediate size, well-developed, complete peri- 
stome; nine to 15 (most commonly 11 to 12) moder- 
ately large apertural stylets surround aperture; five to 
nine (most commonly seven) apertures per fenestrule. 
Large, irregularly lobed stellate to ovate nodes, elon- 
gate proximodistally, positioned in single row along 
branch midline. Autozooecial chamber size upper-end 
intermediate, emplaced in three or more rarely four 
alternating rows, except five rows at sites of or for 
pronounced distances proximal to sites of branch bi- 
furcation, and two or three rows for short distances 
distal to sites of branch bifurcation; chamber outline 
irregularly ovate to polygonal near reverse wall; tri- 
angular, rounded triangular to rarely irregularly polyg- 
onal throughout mid and most of chamber length; ir- 
regularly ovate near obverse surface, enlarged at distal 
end; chamber shape uniform in all rows across branch. 
Chamber longest dimension parallel to proximal and 
distal lateral chamber walls. Aperture positioned at 
distal to distal-abaxial end of chamber, connected to 
chamber by intermediate, highly variable length ves- 
tibule. Superior and inferior hemisepta both absent. 
Lateral-wall budding-angle of adaxial autozooecial 
chambers highly variable (mean about 12°); lateral 
budding angle of abaxial autozooecial chambers vari- 
able (mean approximately 47°); reverse-wall budding- 
angle of adaxial and abaxial chambers individually 


Table 42.—Summary numerical analysis of Polypora gracilis Prout, 
1860. For explanation of abbreviations of characters (left column), 
see Table 8b (foldout inside back cover). 


number 
of 


mea- coeffi- 


sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.5770 0.1660 28.77 0.375-0.900 
2. DBC 24 1.3270 0.3496 26.34 0.875-1.875 
3. WD 24 0.3000 0.0633 21.10 =0.205-0.431 
4. LF 24 2.3030 0.4646 = 20.17 ~~ :1.750-3.380 
5. WE 24 0.7823 0.2960 37.84 0.450-1.380 
6. AF 24 visa 0.94 13.08 5-9 
Ta AN 24 0.1543 0.0116 7.52 0.134-0.177 
8. AW 24 0.1117 0.0095 8.51  0.095-0.129 
9. ADB 24 0.4004 0.0423 10.56 = 0.323-0.475 
10. AAB 24 0.2463 0.0205 8.32 0.219-0.294 
11. ABB 24 0.8284 0.2695 32.53 0.450-1.330 
12. DN 24 0.1976 0.0292 14.78  0.138-0.250 
14. SNB 24 1.4990 0.5200 34.69 0.975-2.800 
16. DSO 24 0.0147 0.0042 28.57. 0.009-0.022 
17. SSO 24 0.0623 0.0411 65.97. 0.020-0.142 
18. WP 24 0.0286 0.0061 21.33 0.018-0.039 
19. SA 24 11.58 1.68 14.47 9-15 
20. SAD 24 0.0360 0.0052 14.44 0.029-0.046 
22. RSS 24 0.0330 0.0119 36.06 0.014-0.052 
24. SSS 24 0.0528 0.0178 33.71 0.021-0.086 
32. TRW 24 0.0103 0.0018 17.48  0.008-0.013 
33.0LW 24 0.0155 0.0032 20.65  0.001-0.021 
34. FWT 24 0.1108 0.0501 45.21  0.036-0.214 
35. RWT 24 0.0786 0.0382 48.60  0.020-0.143 
36. CL 24 0.3789 0.0161 4.25 0.354-0.402 
37. CD 24 0.2129 0.0183 8.60  0.188-0.252 
38. MAW 24 0.2060 0.0310 15.05 0.164—0.260 
40. VD 24 0.1017 0.0298 29.30 0.057-0.165 
41. RA 24 53.92 7.66 14.20 42-64 
42A. LA-1 24 12333) 5:93 48.09 2-22 
42B. LA-2 24 47.42 12512 25.56 36-60 
43. TB 24 0.5044 0.0985 19.53. 0.374-0.714 


uniform, each exhibiting a slightly variable angle (mean 
approximately 54°). Table 42 presents statistical cri- 
teria used in delimiting this species. 

Exterior description.—Zoarium moderately robust, 
expansion flat to slightly obversely curved, fan-shaped; 
mesh spacing intermediate to open, mean spacing up- 
per-end intermediate; intermediate astogenetic thick- 
ening of both obverse and reverse lamellar skeleton; 
zoarial pattern moderately irregular. Probable mature 
widths 15 to 30 mm; lengths 20 to 40 mm. 

Branch robustness intermediate to robust; branches 
wide, highly variable in width; straight to slightly sin- 
uous, curving toward sites of dissepiment insertion, 
lateral branches broadly curved toward edge of zoar- 
ium. Branch spacing upper-end intermediate to wide, 
distance between adjacent branch centers moderately 
irregular. Obverse surface texture smooth, exhibiting 
slight granular coarsening with astogeny; surface flat 
to slightly rounded, less frequently angular. Single row 
of well-developed, large irregularly lobed stellate to 
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ovate nodes, elongate proximodistally; node size reg- 
ular, shape moderately regular; nodes projecting from 
middle of branch in straight single row; one to two 
nodes per fenestrule length; widely, unevenly spaced, 
frequently located at or near site of branch-dissepi- 
ment junction; node diameter slightly increases and 
nodes frequently become partially covered by thick- 
ened secondary lamellar skeleton during astogeny. Rows 
of intermediate-size stylets, variable in size and highly 
variably positioned, anastomosing around apertures 
along obverse branch surface, giving a coarsely gran- 
ular appearance to surface at low magnifications; sty- 
lets increasing in size and number with astogeny. Re- 
verse surface texture granular, coarsening with astogeny; 
bearing an intermediate number of intermediately 
spaced longitudinal striae which persist throughout as- 
togenetic thickening of lamellar skeleton; microstylets 
large, shape irregularly polygonal to circular, highly 
variable in both size and shape, microstylets posi- 
tioned atop longitudinal striae, irregularly spaced, in- 
creasing in size with astogeny. Autozooecia typically 
arranged in four rows diagonally across branch, except 
as many as five rows at sites of or for pronounced 
distances proximal to sites of branch bifurcation and 
as few as two or three rows for short distances 1m- 
mediately distal to sites of branch bifurcation; branch- 
es exhibit pronounced thickening proximal, pro- 
nounced thinning distal to sites of branch bifurcation. 
Heterozooecia absent in all zoarial fragments analyzed. 

Dissepiment width lower-end intermediate, slightly 
greater than one-half branch width, width moderately 
variable; length upper-end intermediate to long, highly 
variable; connect branches at fairly regular intervals. 
Dissepiments barlike, exhibiting slight flaring at 
branch-dissepiment contact; highly recessed from ob- 
verse, recessed from reverse branch surface. Slight as- 
togenetic thickening of dissepiment. Obverse dissepi- 
ment surface with two to four longitudinal ridges 
emplaced perpendicular to branch length across dis- 
sepiment surface, rows of intermediate-size stylets atop 
ridges; ridges become partially covered by lamellar 
skeleton, stylet size increases with astogeny; reverse 
dissepiment surface with longitudinal striae oriented 
perpendicular to branch length, atop which occur rows 
of large microstylets; striae persist throughout asto- 
genetic thickening, macrostylets increase slightly in di- 
ameter; obverse dissepiment texture smooth, reverse 
surface texture granular, both coarsening slightly with 
astogeny. Emplacement of dissepiment varying from 
perpendicular to as much as 20° from perpendicular 
to branch length. Apertures open on proximal or distal 
edge, or in middle of dissepiment edge at branch-dis- 
sepiment contact, commonly extending onto dissepi- 
ment for pronounced distances; arranged symmetri- 
cally or asymmetrically between branches. 


Fenestrules large; shape varying from rectanglar to 
parallelogram-shaped to elliptical, moderately to high- 
ly elongate proximodistally; variable in size, moder- 
ately variable in shape; slightly expanding in width and 
length in obverse-reverse direction. Mean width of 
fenestrule 1.36 times branch width; fenestrule opening 
exhibiting little or no decrease in size during astogeny. 
Width to length ratio of fenestrule ranging from 4:5 to 
approximately 1:7, highly variable; mean ratio of width 
to length approximately 1:3, length of fenestrule more 
constant than width. Five to nine (most commonly 
seven) apertures per fenestrule length; distance be- 
tween closest aperture centers along branch 1.63 times 
spacing diagonally across branch, spacing across fe- 
nestrule 3.63 times spacing diagonally across branch; 
spacing along and across branch moderately constant, 
spacing across fenestrule highly variable. 

Autozooecial aperture size upper-end intermediate 
to lower-end large, shape irregularly ovate, slightly en- 
larged on distal end, to rarely approaching circular, 
elongate proximodistally to proximoabaxially; width 
to length ratio approximately 5:7, size and shape mod- 
erately uniform; mid-branch apertures opening parallel 
to plane of obverse surface, adaxial apertures opening 
at slight angle toward fenestrule; intermediate-size, well- 
developed complete peristome present. Nine to 15 
(most commonly 11 to 12) moderately large, relatively 
constant size, well-developed and regularly positioned 
stylets surround aperture; stylets develop from lateral 
edge of peristome. Abaxial aperture margins extend 
into fenestrule, causing slight inflections in fenestrule 
outline on obverse surface. Centrally thickened ter- 
minal diaphragms present, commonly occurring 
throughout zoarium. 

Zoarial supports well-developed, occurring as exten- 
sions of reverse zoarial surface and lateral edge of zoar- 
ium. 

Interior description.—Branches circular, irregularly 
circular, ovate to polygonal in transverse section, 
slightly to moderately elongate parallel to plane of ob- 
verse surface; slightly enlarged on obverse surface. 
Branches thick, moderately variable in depth. 

Autozooecial living chamber size upper-end inter- 
mediate, chambers arranged in three or more rarely 
four alternating rows along planar branch axial walls; 
axial walls zigzag diagonally across branch, forming 
chamber lateral walls throughout entire branch depth. 
Chamber longest dimension parallel to proximal and 
distal lateral chamber walls. Autozooecial chamber 
outline irregularly ovate to polygonal near reverse wall: 
becoming triangular to rounded triangular to rarely 
irregularly polygonal throughout mid and most of 
chamber length; irregularly to regularly ovate near ob- 
verse surface, enlarged at distal end; chamber shape 
moderately uniform, same in all rows of chambers 
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across branch. Aperture positioned at distal to distal- 
abaxial end of chamber, connected to chamber by 
intermediate, highly variable length vestibule. Auto- 
zooecial chamber maximum width and depth approx- 
imately equal, maximum width slightly smaller; depth 
to length ratio approximately 5:9; chamber depth and 
length highly constant, maximum width moderately 
variable. Superior and inferior hemisepta both absent. 
Adaxial rows of autozooecial chambers diverge later- 
ally from middle of branch at a highly variable angle 
(mean approximately 12°); abaxial rows of autozooe- 
cial chambers diverge laterally from middle of branch 
at variable angle (mean approximately 47°). Orienta- 
tion of apertures to chamber varies slightly between 
adaxial and abaxial rows of chambers, internal cham- 
ber shapes and dimensions of adaxial and abaxial rows 
of chambers are the same. Autozooecial chambers di- 
verge from reverse walls at a slightly variable angle 
(mean approximately 54°). 

Three-dimensionally reconstructed chamber form a 
slightly polygonal tube; length, as viewed from lateral 
edge of branch, slightly less than half chamber depth 
and width, as viewed from distal end of branch and 
obverse surface; which are approximately equidimen- 
sional. 

Internal granular skeletal layer thickness interme- 
diate; granular skeletal layer well-developed, contin- 
uous with obverse nodes, stylets, peristome and ap- 
ertural stylets; reverse longitudinal striae and 
macrostylets; across dissepiment and in the middle of 
zoarial supports. Outer lamellar layer thickness inter- 
mediate, exhibiting slight astogenetic thickening. 

Remarks.—Named by Prout (1860) for materials 
found in the Warsaw Limestone at Warsaw, Illinois 
and later recognized by Ulrich (1890) in materials from 
Nauvoo, Illinois; Keokuk, Iowa; and King’s Mountain, 
Kentucky. Ulrich recongized similarity in minute char- 
acters between this species and P. maccoyana Ulrich, 
1890 and P. halliana Prout, 1860; the much more open 
mesh, however, allows ready recognition of P. gracilis. 

Although left in Polypora, Ulrich (1890) thought a 
new genus might be based on P. gracilis. A new genus 
was not, however, proposed by him. P. gracilis is dis- 
tinguished from other Warsaw polyporids by rows of 
stylets along the obverse surface, extremely long, large 
fenestrules, large protruding apertural stylets, small au- 
tozooecial chambers, and relatively high reverse-wall 
budding-angle. Internal chamber characters are ade- 
quately similar to those of other polyporids to justify 
retention in this genus. 

Material studied.—Eight exterior fragments, four 
sectioned specimens; largest zoarial fragment 22 x 41 
mm (width to length). Well-preserved due to moder- 
ately robust nature of zoarium. 

Occurrence.— Present throughout Warsaw study area, 


forming an extemely minor component of Warsaw fau- 
na. 
Topotype.—ISGS(UISM) 2816-1/2. 

Figured and/or measured specimens.—UI X-6919, 
6920 (location 49B, sample 12), USNM 43789. 


Polypora varsoviensis Prout, 1858a 
Plate 66, figures 5-12, Plate 67, figures 1-6; 
Table 43; Text-figure 18 


Polypora Varsoviensis Prout, 1858a, p. 237 [Warsaw, Illinois]; Ul- 
rich, 1890, p. 593, pl. 60, figs. 2-2b [Warsaw Beds: Monroe County 
and Warsaw, Illinois]; Keyes, 1894, p. 29 [St. Louis Limestone: 
Barrett’s Station, Missouri]; Trizna, 1958, p. 176, pl. 48, figs. 3- 
4. 

Polypora Varsouviensis [sic] Prout. Prout, 1859, p. 451, pl. 15, figs. 
3-3d. 

Polypora Varsouviensis? [sic] Prout. Whitfield, 1891, p. 578 [Max- 
ville Limestone: Newtonville, Ohio]; Whitfield, 1895, p. 467 
([Maxville Limestone: Newtonville, Ohio]. 


Diagnosis.—Zoarium robust, mesh spacing close, 
pattern highly regular; branches robust, width extreme- 
ly wide, thick in depth; branches straight, broadly 
curved at lateral zoarial edge; transversely irregularly 
circular to irregularly ovate, spacing close; branches 
joined at highly regular intervals by upper-end thin 
width, short dissepiments. Fenestrules large; shape el- 
liptical to approaching ovate on obverse, rectangular 
to elliptical on reverse surface, shape moderately reg- 
ular. Autozooecial apertures very large, shape irregu- 
larly ovate, enlarged at distal end, to approaching cir- 
cular, elongate proximodistally to proximoabaxially, 
surrounded by upper-end intermediate size, well-de- 
veloped complete peristome; 17 to 26 (most commonly 
20 to 21) extremely small stylets surround aperture; 
three to six (most commonly four) apertures per fe- 
nestrule length. Upper-end intermediate size, stellate, 
irregularly lobed nodes positioned in single row along 
branch midline. Autozooecial chamber size large, em- 
placed in three or more rarely four alternating rows, 
except as many as Six rows at sites of or for moderate 
distances proximal to sites of branch bifurcation, and 
two to three rows for short to moderate distances distal 
to sites of branch bifurcation; chamber outline irreg- 
ularly ovate to rounded diamond near reverse wall; 
irregularly hexagonal to approaching irregularly rect- 
angular in mid chamber and throughout most of cham- 
ber length; irregularly bilobate-ovate to elliptical near 
obverse surface, enlarged at distal end; chamber shape 
moderately uniform in all rows across branch. Cham- 
ber longest dimension parallel to proximal and distal 
lateral chamber walls. Aperture positioned at distal to 
distal-abaxial end of chamber, connected to chamber 
by upper-end intermediate, highly variable length ves- 
tibule. Superior and inferior hemisepta both absent. 
Lateral-wall budding-angle of adaxial autozooecial 
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Table 43.—Summary numerical analysis of Polypora varsoviensis 
Prout, 1858a. For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.7590 0.2176 28.67 0.375-1.100 
2. DBC 24 1.0550 0.2678 25.38 0.625-1.438 
3. WD 24 0.3470 =0.1171 33.75 0.238-0.650 
4. LF 24 1.1900 0.1620 13.61 0.900-1.500 
5. WF 24 0.4730 0.1390 29.39 0.238-0.713 
6. AF 24 4.33 0.78 97, 3-6 
7. AL 24 0.1976 0.0115 5.82 0.180-0.220 
8. AW 24 0.1676 0.0150 8.95 0.143-0.193 
9. ADB 24 0.3757 0.0644 17.14  0.290-0.470 
10. AAB 24 0.2743 0.0408 14.87  0.218-0.350 
11. ABB 24 0.5163 0.1542 29.87  0.219-0.720 
12. DN 24 0.1144 0.0341 29.81  0.070-0.140 
14. SNB 24 1.0490 0.3017 28.76 0.680-1.630 
18. WP 24 0.0458 0.0129 28.17  0.032-0.075 
19. SA 24 20.67 2.64 L277. 17-26 
20. SAD 24 0.0112 0.0021 18.75.  0.008-0.015 
21. RSL 24 0.2265 0.0754 33.29  0.106-0.350 
22. RSS 24 0.0495 0.0130 26.26 0.032-0.080 
23. SSL 24 1.3070 0.4500 34.43  0.575-2.020 
24. SSS 24 0.1103 0.0319 28.92  0.078-0.180 
32. TRW 24 0.0101 0.0013 12.87.  0.009-0.013 
33. TLW 24 0.0094 0.0014 14.89  0.008-0.013 
34. FWT 24 0.0768 0.0356 46.35  0.029-0.143 
35. RWT 24 0.0869 0.0503 58.01  0.029-0.197 
36. CL 24 0.7788 0.0307 3.94 0.740-0.850 
37. CD 24 0.1401 0.0141 10.06  0.118-0.168 
38. MAW 24 0.1742 0.0229 13.15 0.140-0.215 
39. MIW 24 0.1075 0.0268 24.93 0.082-0.160 
40. VD 24 0.1102 0.0314 28.49  0.062-0.160 
41. RA 24 20.92 2.27 10.86 17-25 
42A. LA-1 24 10.42 4.62 44.38 1-20 
42B. LA-2 24 40.58 15.14 37.31 33-50 
43. TB 24 0.5892 0.0632 10.73 0.477-0.725 


chambers highly variable (mean approximately 10°); 
lateral budding-angle of abaxial autozooecial chambers 
variable (mean about 41°); reverse-wall budding-angle 
of adaxial and abaxial chambers uniform, with a slight- 
ly variable angle (mean approximately 21°). Table 43 
presents statistical criteria used in delimiting this spe- 
cles. 

Exterior description.—Zoarium robust, expansion 
flat to rarely slightly obversely curved, fan-shaped; mesh 
spacing close; slight to intermediate astogenetic thick- 
ening of both obverse and reverse lamellar skeleton; 
zoarial pattern highly regular. Probable mature widths 
30 to 40 mm; lengths 30 to 60 mm. 

Branches robust; extremely wide, highly variable in 
width; typically straight, with lateral branches broadly 
curved toward edge of zoarium. Branch spacing close, 
distance between adjacent branch centers moderately 
irregular. Obverse surface texture smooth, exhibiting 
slight granular coarsening with astogeny; surface typ- 


ically flat, less commonly slightly rounded. Single row 
of well-developed, upper-end intermediate size nodes; 
shape stellate, irregularly lobed; node size and shape 
variable; nodes projecting from middle of branch, one 
to more rarely two per fenestrule length; widely, un- 
evenly spaced; node diameter increases slightly and 
nodes become less stellate due to partial covering by 
lamellar skeleton during astogeny. Reverse surface tex- 
ture granular, coarsening with astogeny; bearing rela- 
tively few rows of widely spaced longitudinal striae 
which persist throughout astogenetic thickening of la- 
mellar skeleton. Large microstylets, positioned atop 
longitudinal striae, spacing intermediate, variable in 
size, increasing slightly in diameter with astogeny. Ex- 
tremely large macrostylets present, circular, irregularly 
circular to ovate in shape, highly variable in both size 
and shape; macrostylets typically located at branch— 
dissepiment junction, variably spaced, greatly increas- 
ing in size with astogeny. Autozooecia typically in four 
rows diagonally across branch, ranging from three to 
five rows; as many as six rows at sites of or for moderate 
distances proximal to sites of branch bifurcation and 
as few as two to three rows for short to moderate dis- 
tances immediately distal to sites of branch bifurca- 
tion; branches exhibit pronounced thickening proxi- 
mal, pronounced thinning distal to sites of branch 
bifurcation. Heterozooecia absent in all zoarial frag- 
ments analyzed. 

Dissepiment width upper-end thin, slightly less than 
one-half branch width, width highly variable; length 
short, highly variable; connect branches at highly reg- 
ular intervals. Dissepiments moderately barlike, ex- 
hibiting slight medial thinning and slight flaring at 
branch—dissepiment contact; highly recessed from ob- 
verse, approximately even with reverse surface. Slight 
astogenetic thickening of dissepiment. Obverse dissep- 
iment surface with two to six longitudinal ridges em- 
placed perpendicular to branch length across dissepi- 
ment surface, ridges become partially to completely 
covered by lamellar skeleton with astogeny; reverse 
dissepiment surface with longitudinal striae oriented 
perpendicular to branch length, atop which occur rows 
of large microstylets; striae partially covered during 
astogenetic thickening of lamellar skeleton, microsty- 
lets increase slightly in diameter; obverse dissepiment 
surface texture smooth, reverse surface texture gran- 
ular, both coarsening slightly with astogeny. Emplace- 
ment of dissepiments varying from perpendicular to 
as much as 20° from perpendicular to branch length. 
Apertures open on proximal or distal edge, or in middle 
of dissepiment edge at branch-dissepiment contact, 
commonly extending onto dissepiment for moderate 
to pronounced distances; arranged symmetrically or 
asymmetrically between branches. 

Fenestrules large; shape elliptical to approaching 
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ovate on obverse, rectangular to elliptical on reverse 
surface, moderately to highly elongate proximodistally; 
moderately regular in size and shape; slightly expand- 
ing in width and length in obverse-reverse direction. 
Mean width of fenestrule five-eighths branch width; 
fenestrule opening exhibiting slight to moderate de- 
crease in size during astogeny. Width to length ratio 
of fenestrule ranging from 1:6 to approximately 4:5, 
variable; mean ratio of width to length approximately 
2:5, length of fenestrule much more constant than width. 
Three to six (most commonly four) apertures per fe- 
nestrule length; distance between closest aperture cen- 
ters along branch 1.4 times spacing diagonally across 
branch, spacing across fenestrule 1.88 times spacing 
diagonally across branch; spacing along and diagonally 
across branch variable, spacing across fenestrule highly 
variable. 

Autozooecial aperture size very large, shape irreg- 
ularly ovate, enlarged on distal end, to approaching 
circular, elongate proximodistally to proximoabax1- 
ally; width to length ratio approximately 6:7, size high- 
ly uniform, shape moderately uniform; mid-branch ap- 
ertures opening parallel to plane of obverse surface, 
adaxial apertures opening parallel to plane of obverse 
surface to slight angle toward fenestrule; upper-end 
intermediate size, well-developed complete peristome 
present. Seventeen to 26 (most commonly 20 to 21) 
extremely small stylets, moderately variable in size, 
poorly developed, surround aperture; stylets develop 
from lateral edge of peristome. Abaxial aperture mar- 
gins extend into fenestrule, causing moderate inflec- 
tions in fenestrule outline on obverse surface. Centrally 
thickened terminal diaphragms present, most fre- 
quently occurring troward proximal end of zoarium. 

Zoarial supports extremely well-developed, occur- 
ring as extensions of reverse zoarial surface and lateral 
edge of zoarium. 

Interior description.— Branches irregularly circular 
to irregularly ovate in transverse section, symmetrical 
to slightly elongate parallel to plane of zoarial surface; 
slightly to moderately enlarged on obverse surface. 
Branches thick, constant in depth. 

Autozooecial living chamber size large, chambers 
arranged in three or more rarely four alternating rows 
along planar branch axial walls; axial walls zigzag di- 
agonally across branch near reverse wall; becoming 
slightly sinuous to straight in mid chamber and near 
obverse surface; where sinuous, extending toward and 
connecting with chamber lateral walls. Chamber long- 
est dimension parallel to proximal and distal lateral 
chamber walls. Autozooecial chamber outline irregu- 
larly ovate to rounded diamond in shape near reverse 
wall; becoming irregularly hexagonal to approaching 
irregularly rectangular in mid chamber and throughout 
most of chamber length; irregularly bilobate-ovate to 


elliptical near obverse surface, with inflection at mid 
abaxial chamber edge, enlarged at distal end; chamber 
shape moderately uniform, same in all rows of cham- 
bers across branch. Aperture positioned at distal to 
distal-abaxial end of chamber, connected to chamber 
by upper-end intermediate length, highly variable length 
vestibule. Ratio of autozooecial chamber minimum 
width to maximum width approximately 5:8; maxi- 
mum width to depth ratio 5:4; depth to length ratio 
approximately 2:9; chamber length highly constant, 
depth and maximum width slightly variable, mini- 
mum width highly variable. Superior and inferior hemi- 
septa both absent. Adaxial rows of autozooecial cham- 
bers diverge laterally from middle of branch at a highly 
variable angle (mean approximately 10°); abaxial rows 
of autozooecial chambers diverge laterally from mid- 
dle of branch at variable angle (mean approximately 
41°). Orientation of apertures to chamber varies be- 
tween adaxial and abaxial rows of chambers; however, 
internal shape and dimensions of adaxial and abaxial 
chambers are the same. Autozooecial chambers di- 
verge from reverse wall at a slightly variable angle 
(mean approximately 21°). 

Three-dimensionally reconstructed chamber form a 
slightly polygonal tube; length, viewed from lateral edge 
of branch, substantially (approximately five times) 
greater than depth, viewed from distal end of branch; 
which is slightly less than width, viewed from obverse 
surface. 

Internal granular layer thickness intermediate; gran- 
ular skeletal layer well-developed, continuous with ob- 
verse nodes, peristomes, and apertural stylets; reverse 
longitudinal striae, macrostylets, and microstylets; 
across dissepiments and in the middle of zoarial sup- 
ports. Outer lamellar layer thickness intermediate, ex- 
hibiting slight to intermediate astogenetic thickening. 

Remarks.—P. varsoviensis was first described by 
Prout (1858a) for specimens found near Geode Glen 
(Warsaw Beds) near Warsaw, Illinois. Although slight 
variation does exist, specimens collected through the 
Warsaw closely resemble those described by Prout and 
Ulrich from the Warsaw Beds. Some similarities do 
exist between this species and P. simulatrix Ulrich, 
1890 from the Keokuk Group; however, the latter has 
wider branches and considerably larger fenestrules. 

The highly elongate chambers in P. varsoviensis, as 
observed in longitudinal view, readily distinguish it 
from P. spininodata, its closest ally in the Warsaw. 
Further characters which distinguish P. varsoviensis 
from P. spininodata are more numerous apertural sty- 
lets, smaller reverse-wall budding-angle, larger fenes- 
trule openings, and narrower, thinner branches. Inte- 
rior analyses are required for identification of this 
species. 

Material studied.— Fourteen exterior fragments, five 
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Table 44.—Summary numerical analysis of Po/ypora spininodata 
Ulrich, 1890. For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.8522 0.1684 19.76  0.625-1.200 
2. DBC 24 1.0200 0.1926 18.88  0.688-1.350 
3. WD 24 0.2823 0.0569 20.16 0.213-0.388 
4. LF 24 0.9150 0.1846 20.17  0.580-1.180 
5. WF 24 0.4025 0.1146 28.47  0.250-0.630 
6. AF 24 3.83 0.58 15.08 3-5 
7. AL 24 0.2199 0.0150 6.82  0.198-0.250 
8. AW 24 0.1636 0.0109 6.66 0.138-0.178 
9. ADB 24 0.3769 0.0493 13.08  0.300-0.440 
10. AAB 24 0.2913 0.0357 12.26  0.250-0.363 
11. ABB 24 0.4788 0.0917 19.15. 0.320-0.620 
12. DN 24 0.1020 0.0238 23.33 0.055-0.140 
14. SNB 24 0.4709 0.1378 29.26 0.313-0.730 
18. WP 24 0.0263 0.0082 31.18 0.013-0.044 
19. SA 24 12.67 2.06 16.26 9-15 
21. RSL 24 0.2055 0.0393 19.12 0.150-0.281 
22. RSS 24 0.0224 0.0048 21.43 0.015-0.030 
23.SS5L, 24 1.0480 0.2141 20.43 0.730-1.400 
24. SSS 24 0.0513 0.0137 26.71 0.036-0.075 
32. TRW 24 0.0204 0.0057 27.94 0.013-0.031 
33. TLW 24 0.0222 0.0027 12.16  0.018-0.026 
34. FWT 24 0.1258 0.0556 44.20 0.036-0.235 
35. RWT 24 0.1460 0.0480 32.88  0.075-0.250 
36. CL 24 0.5358 0.0193 3.60  0.505-0.570 
37. CD 24 0.1975 0.0189 9.57 0.165-0.230 
38. MAW 24 0.1892 0.0180 9.51 0.155-0.210 
39. MIW 24 0.1220 0.0230 16.64 0.088-0.158 
40. VD 24 0.2807 0.0631 22.48 0.188-0.410 
41. RA 24 41.58 4.59 11.04 34-53 
42A. LA-1 24 PS) 333 )1 45.66 2-12 
42B. LA-2 24 30.50 4.07 16.63 22-40 
43. TB 24 0.6408 0.1032 16.10 0.450-0.820 


sectioned specimens; largest zoarial fragment 38 x 60 
mm (width to length). Well-preserved due to robust 
nature of zoarium. 

Occurrence.—Moderately abundant, occurring 
throughout the Warsaw in the study area; associated 
with both relatively high and low energy depositional 
environments. 

Figured and/or measured specimens.—UI1 X-7022, 
6907, 6918 (location 11, samples 51, 57), 6914 (lo- 
cation 47A, sample 32), 6910 (location 49B, samples 
10, 14). 

Polypora spininodata Ulrich, 1890 
Plate 67, figures 7, 8, Plate 68, figures 1-12, 
Plate 69, figures 1-7, 10; Table 44 


Polypora spininodata Ulrich, 1890, p. 594, pl. 60, fig. 3 [Warsaw 
Beds: Warsaw, Illinois]; Keyes, 1894, p. 29 [Keokuk Limestone: 
Warsaw, Illinois]; Trizna, 1958, p. 173, pl. 48, dif. 2 [Kunwrak 
Vain: U.S.S. R.]. 


Diagnosis.—Zoarium extremely robust, mesh spac- 
ing very close, pattern moderately regular; branches 


robust, width extremely wide, thick in depth; branches 
straight, broadly curved at lateral zoarial edge; trans- 
versely irregularly elliptical, elliptical to approaching 
circular, spacing close; branches joined at highly reg- 
ular intervals by thin, short dissepiments. Fenestrules 
large; shape elliptical to ovate, becoming polygonal on 
reverse surface with astogeny, moderately regular. Au- 
tozooecial apertures large, shape irregularly ovate, en- 
larged on distal end, to rarely approaching circular, 
elongate proximodistally to proximoabaxially, sur- 
rounded by intermediate-size, well-developed com- 
plete peristome; nine to 15 (most commonly 12 to 13) 
intermediate-size stylets surround aperture; three to 
five (most commonly four) apertures per fenestrule 
length. Intermediate-size, stellate, irregularly lobed 
nodes positioned in single row along branch midline. 
Autozooecial chambers large, emplaced in three or more 
rarely four alternating rows, except five to six rows at 
sites of or for moderate to pronounced distances prox- 
imal to sites of branch bifurcation, or two to three rows 
for short distances distal to sites of branch bifurcation; 
chamber outline irregularly ovate to rounded diamond 
near reverse wall; irregularly hexagonal to approaching 
irregularly rectangular in mid chamber; irregularly 
ovate, rarely elliptical near obverse surface, moderately 
enlarged at distal end; chamber shape moderately to 
highly uniform in all rows across branch. Chamber 
longest dimension parallel to proximal and distal lat- 
eral chamber walls. Aperture positioned at distal to 
distal-abaxial end of chamber, connected to chamber 
by long, moderately variable length vestibule. Superior 
and inferior hemisepta both absent. Lateral-wall bud- 
ding-angle of adaxial autozooecial chambers highly 
variable (mean approximately 7°); lateral budding-an- 
gle of abaxial autozooecial chambers variable (mean 
about 31°); reverse-wall budding-angle of adaxial and 
abaxial chambers uniform, with a slightly variable an- 
gle (mean approximately 42°). Table 44 presents sta- 
tistical criteria used in delimiting this species. 

Exterior description.—Zoarium extremely robust, 
expansion typically flat, rarely slightly curved obverse- 
ly or reversely, fan-shaped; mesh spacing very close; 
intermediate to pronounced astogenetic thickening of 
both obverse and reverse lamellar skeleton; zoarial pat- 
tern moderately regular. Probable mature widths 40 to 
80 mm; lengths 60 to 110 mm. 

Branches robust; width extremely wide, moderately 
variable in width; straight, lateral branches broadly 
curved toward edge of zoarium. Branch spacing close, 
distance between adjacent branch centers moderately 
regular. Obverse surface texture smooth, remaining 
smooth throughout astogeny; surface relatively flat to 
slightly rounded. Single row of well-developed, inter- 
mediate-size stellate nodes, irregularly lobed; node size 
moderately regular, shape variable; nodes projecting 
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from middle of branch at proximal edge of each or 
every other aperture forming straight to anastomosing 
rows, one to three nodes per fenestrule length; nodes 
intermediately, unevenly spaced, commonly located at 
or near sites of branch—dissepiment junction; node di- 
ameter slightly increasing with astogeny. Reverse sur- 
face texture slightly granular, coarsening with astogeny; 
bearing an intermediate number of moderately widely 
spaced longitudinal striae which become covered by 
lamellar skeleton during astogeny; macrostylets pres- 
ent, size large, shape irregularly ovate to diamond, 
moderately regular in size and shape, macrostylets po- 
sitioned along reverse branch midline at or near branch— 
dissepiment junction, regularly spaced, increasing in 
size with astogeny. Autozooecia typically arranged in 
three or four rows diagonally across branch, except as 
many as five or six rows at site of or for moderate to 
pronounced distances proximal to sites of branch bi- 
furcation and as few as two or three rows for short 
distances immediately distal to sites of branch bifur- 
cation; branches exhibit pronounced thickening prox- 
imal, pronounced thinning distal to sites of branch 
bifurcation. Heterozooecia absent in all zoarial frag- 
ments analyzed. 

Dissepiment width thin, approximately equal to one- 
third branch width, width slightly variable; length short, 
moderately constant; connect branches at highly reg- 
ular intervals. Dissepiments moderately barlike, ex- 
hibiting slight flaring at branch—-dissepiment contact 
and slight medial thinning; highly recessed from ob- 
verse, slightly recessed from reverse branch surface. 
Slight to moderate astogenetic thickening of dissepi- 
ment. Obverse dissepiment surface lacking ornamen- 
tation; reverse dissepiment surface with longitudinal 
striae oriented perpendicular to branch length across 
dissepiment surface, atop which occur rows of upper- 
end intermediate-size microstylets; microstylets and 
striae become covered by lamellar skeleton with as- 
togeny; obverse dissepiment surface texture smooth, 
reverse surface texture granular, both coarsening with 
astogeny. Emplacement of dissepiment perpendicular 
to slight angle from perpendicular to branch length. 
Apertures open on proximal or distal edge, or in middle 
of dissepiment edge at branch-dissepiment contact, 
commonly extending onto dissepiment for pronounced 
distances; arranged symmetrically or asymmetrically 
between branches. 

Fenestrules large; shape elliptical to ovate, becoming 
slightly polygonal on reverse surface with astogeny, 
moderately to highly elongate proximodistally; vari- 
able in size, moderately regular in shape; slightly to 
moderately expanding in width and length in obverse- 
reverse direction. Mean width of fenestrule slightly less 
than half branch width; fenestrule opening exhibiting 
moderate to pronounced decrease in size during as- 


togeny. Width to length ratio of fenestrule ranging from 
1: 4 to approximately 1:1, moderately regular; ratio of 
mean width to length approximately 4:9, length of fe- 
nestrule more constant than width. Three to five (most 
commonly four) apertures per fenestrule length; dis- 
tance between closest aperture centers along branch 
1.29 times spacing diagonally across branch, spacing 
across fenestrule 1.64 times spacing diagonally across 
branch; spacing along and across branch moderately 
variable, spacing across fenestrule highly variable. 
Autozooecial aperture size large, shape irregularly 
ovate, slightly to moderately enlarged on distal end, to 
rarely approaching circular, elongate proximodistally 
to proximoabaxially; width to length ratio approxi- 
mately 3:4, size and shape highly uniform; mid-branch 
apertures opening parallel to plane of obverse surface, 
adaxial apertures opening parallel to plane of obverse 
surface or at slight angle toward fenestrule; interme- 
diate-size, well-developed complete peristome present. 
Nine to 14 (most commonly 12 to 13) intermediate 
and highly variably sized, well-developed, and regu- 
larly positioned stylets surround aperture; stylets de- 
velop as extensions of lateral edge of peristome. Ab- 
axial aperture margins extend into fenestrule, causing 
moderate inflections in fenestrule outline on obverse 
surface. Centrally thickened terminal diaphragms pres- 
ent, commonly occurring throughout zoarium. 
Zoarial supports well-developed, occurring as exten- 
sions of reverse zoarial surface and lateral edge of zoar- 
ium; most common toward proximal end of zoarium. 
Interior description.— Branches irregularly elliptical, 
elliptical to approaching circular in transverse section, 
moderately to highly elongate parallel to plane of ob- 
verse surface; moderately enlarged on obverse surface. 
Branches thick, moderately variable in depth. 
Autozooecial living chambers large, chambers ar- 
ranged in three or more rarely four alternating rows 
along planar branch axial walls; axial walls zigzag di- 
agonally across branch near reverse wall, forming lat- 
eral wall of chamber; becoming slightly sinuous to 
straight throughout mid chamber; returning to highly 
sinuous near obverse surface, extending toward and 
connecting with chamber lateral walls. Chamber long- 
est dimension parallel to proximal and distal lateral 
chamber walls. Autozooecial chamber outline irregu- 
larly ovate to rounded diamond in shape near reverse 
wall; becoming irregularly hexagonal to approaching 
irregularly rectangular in mid chamber and throughout 
most of chamber length; irregularly ovate, rarely ellip- 
tical near obverse surface, moderately enlarged at distal 
end; chamber shape moderately to highly uniform, same 
in all rows of chambers across branch. Aperture po- 
sitioned at distal to distal-abaxial end of chamber, con- 
nected to chamber by long, moderately variable length 
vestibule. Ratio of autozooecial chamber minimum 
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width to maximum width approximately 2:3; maxi- 
mum width and depth approximately equal, depth 
slightly larger; depth to iength ratio approximately 3:8; 
chamber length highly constant, depth and maximum 
width moderately constant, minimum width variable. 
Superior and inferior hemisepta both absent. Adaxial 
rows of autozooecial chambers diverge laterally from 
middle of branch at a highly variable angle (mean ap- 
proximately 7°); abaxial rows of autozooecial chambers 
diverge laterally from middle of branch at variable 
angle (mean approximately 31°). Orientation of aper- 
tures to chamber varies slightly between adaxial and 
abaxial rows of chambers; however, internal chamber 
shape and dimensions of adaxial and abaxial chambers 
are the same. Adaxial and abaxial autozooecial cham- 
bers diverge from reverse wall uniformly, at a slightly 
variable angle (mean approximately 42°). 

Three-dimensionally reconstructed chamber form a 
slightly polygonal tube; length, viewed from lateral edge 
of branch, moderately larger than depth and width, 
viewed from distal end of branch and obverse surface 
respectively, which are approximately equal. 

Internal granular layer moderately thick; granular 
skeletal layer well-developed, continuous with obverse 
nodes, peristomes, and apertural stylets; reverse lon- 
gitudinal striae, macrostylets, and microstylets; across 
dissepiments and in the middle of zoarial supports. 
Outer lamellar layer thick, exhibiting intermediate to 
pronounced astogenetic thickening. 

Remarks.—Named by Ulrich (1890) from a reverse 
zoarial surface found in the ‘““Warsaw Beds” near War- 
saw, Illinois. Ulrich’s concept was based on presence 
of large hollow nodes across the reverse surface. In- 
terior analysis demonstrates the nodes are solid gran- 
ular skeletal material, rather than hollow. Ulrich con- 
sidered P. spininodata intermediate between P. biseriata 
and P. varsoviensis; | have assigned P. biseriata to Ban- 
astella (see comments under that genus). 

Polypora spininodata is readily distinguished from 
P. varsoviensis, the most similar species, by having 
fewer apertural stylets, much larger reverse-wall bud- 
ding-angle, much shorter but slightly deeper and wider 
autozooecial chambers, smaller fenestrule openings and 
wider, thicker branches. It 1s quite probable that these 
two species have been confused in the past, as longi- 
tudinal sections (not used as standard in earlier taxo- 
nomic analyses) are essential in differentiating them. 

Material studied.— Fifteen exterior fragments, nine 
sectioned specimens; largest zoarial fragment 32 x 38 
mm (width to length). Well-preserved due to the ex- 
tremely robust nature of zoarium. 

Occurrence.—Moderately common, occurring 
throughout the northern Warsaw study area, not ob- 
served in southern localities; associated with relatively 
high and low energy depositional environments. 


Syntype.—ISGS(ISM) 2786. 

Figured and/or measured specimens.—UI X-6921, 
7017-7020 (location 11, samples 57, 59), 6911-6913, 
6888 (location 10, samples 35, 43). 


Polypora simulatrix Ulrich, 1890 
Plate 69, figures 8, 9, Plate 70, figures 1-12, 
Plate 71, figures 1-4; Table 45 


Polypora simulatrix Ulrich, 1890, p. 589, pl. 59, figs. 4-4b [Keokuk 
Group: Henderson Country, Nauvoo and Warsaw, Illinois; Keo- 
kuk and Bentonsport, Iowa]; Keyes, 1894, p. 28 [Keokuk Lime- 
stone: Keokuk, Iowa]. 


Diagnosis.—Zoarium moderately robust, mesh 
spacing close, pattern moderately to highly irregular; 
branch robustness intermediate to robust; branches 
wide, thick in depth; branches straight, broadly curved 
at lateral zoarial edge; transversely irregularly ovate to 
approaching circular, spacing close; branches joined at 
moderately irregular intervals by thin, short dissepi- 
ments. Fenestrules extremely large; shape elliptical to 
approaching rectangular, moderately variable. Auto- 
zooecial apertures large, shape irregularly ovate to 
approaching circular, elongate proximodistally to 
proximoabaxially, surrounded by low and wide, well- 
developed complete peristome; 24 to 36 (most com- 
monly 30 to 32) intermediate-size apertural stylets sur- 
round aperture; four to seven (most commonly five or 
six) apertures per fenestrule. Large, stellate nodes, ir- 
regularly lobed, positioned in single row along branch 
midline. Autozooecial chambers moderately large, em- 
placed in three or four alternating rows, except as many 
as Six or seven rows at sites of or for moderate to 
pronounced distances proximal to sites of branch bi- 
furcation, and two or three rows for short to moderate 
distances distal to sites of branch bifurcation; chamber 
outline irregularly ovate to irregularly polygonal near 
reverse wall; elliptical to irregularly rectangular in mid 
chamber and throughout most of chamber length; ir- 
regularly bilobate-ovate to elliptical near obverse sur- 
face, enlarged at distal end; chamber shape moderately 
uniform in all rows across branch. Chamber longest 
dimension parallel to proximal and distal lateral cham- 
ber walls. Aperture positioned at distal to distal-ab- 
axial end of chamber, connected to chamber by upper- 
end intermediate, highly variable length vestibule. Su- 
perior and inferior hemisepta both absent. Lateral-wall 
budding-angle of adaxial autozooecial chambers highly 
variable (mean approximately 9°); lateral budding-an- 
gle of abaxial autozooecial chambers variable (mean 
about 47°); reverse-wall budding-angle of adaxial and 
abaxial chambers uniform, with a slightly variable an- 
gle (mean approximately 18°). Table 45 presents sta- 
tistical criteria used in delimiting this species. 

Exterior description.—Zoarium moderately robust, 
expansion flat to rarely slightly obversely curved, fan- 
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shaped; mesh spacing close; slight to intermediate as- 
togenetic thickening of both obverse and reverse la- 
mellar skeleton; zoarial pattern moderately to highly 
irregular. Probable mature widths 30 to 40 mm; lengths 
60 to 80 mm. 

Branch robustness intermediate to robust; branches 
wide, highly variable in width; straight, lateral branch- 
es broadly curved toward edge of zoarium. Branch 
spacing close, distance between adjacent branch cen- 
ters highly irregular. Obverse surface texture smooth, 
exhibiting slight granular coarsening with astogeny; 
surface typically slightly rounded, less commonly flat. 
Single row of well-developed, large nodes present, shape 
stellate, irregularly lobed; node size moderately regu- 
lar, shape variable; nodes projecting from middle of 
branch, one to three (most commonly two) per fenes- 
trule length; widely, moderately unevenly spaced; node 
diameter increases slightly and nodes become less stel- 
late due to partial covering by lamellar skeleton during 
astogeny. Rows of large stylets, highly variably sized 
and variably positioned, occurring between and anas- 
tomosing around apertures along obverse branch sur- 
face; at low magnifications stylets appear as solid rows 
extending along surface; stylets increase in size and 
number with astogeny. Reverse surface texture gran- 
ular, coarsening with astogeny; bearing an intermediate 
number of rows of moderately closely spaced longi- 
tudinal striae which persist throughout astogenetic 
thickening of lamellar skeleton. Large microstylets, po- 
sitioned atop longitudinal striae, closely spaced, highly 
variable in size, increasing in diameter with astogeny. 
Autozooecia typically arranged in three to five (most 
commonly four) rows diagonally across branch; as many 
as Six or seven rows at sites of or for moderate to 
pronounced distances proximal to sites of branch bi- 
furcation, as few as two or three rows for short to 
moderate distances immediately distal to sites of branch 
bifurcation; branches exhibit pronounced thickening 
proximal, pronounced thinning distal to sites of branch 
bifurcation. Heterozooecia absent in all zoarial frag- 
ments analyzed. 

Dissepiment width thin, approximately two-fifths 
branch width, width highly constant; length short, 
highly variable; connect branches at moderately irreg- 
ular intervals. Dissepiments barlike, exhibiting slight 
flaring at branch—dissepiment contact; highly recessed 
from obverse, approximately even with reverse sur- 
face. Astogenetic thickening of dissepiment slight to 
lacking. Obverse dissepiment surface with two to six, 
typically four longitudinal ridges emplaced perpendic- 
ular to branch length across dissepiment surface, ridges 
become partially covered by lamellar skeleton with 
astogeny; reverse dissepiment surface with longitudi- 
nal striae oriented perpendicular to branch length, atop 
which occur rows of large microstylets; striae partially 


Table 45.—Summary numerical analysis of Polypora simulatrix 
Ulrich, 1890. For explanation of abbreviations of characters (left 
column), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
|. WB 24 1.1930 0.2130 26.24 0.750-1.750 
2. DBC 24 1.4970 0.4450 29.73 0.880-2.250 
3. WD 24 0.4750 0.0510 10.74 = 0.425-0.575 
4. LF 24 2.7400 0.7080 25.84 1.670-3.900 
5. WF 24 0.6800 0.2080 30.59 0.307-1.100 
6. AF 24 S375 0.87 18.06 47 
7. AL 24 0.2480 0.0098 3.95  0.233-0.267 
8. AW 24 0.1740 0.0143 8.22. 0.157-0.203 
9. ADB 24 0.5490 0.0923 16.81  0.420-0.693 
10. AAB 24 0.3510 0.0574 16.35 0.247-0.480 
11. ABB 24 0.7760 0.2221 28.62  0.367-1.150 
12. DN 24 0.1940 0.0374 19.28  0.110-0.250 
14. SNB 24 1.5870 0.4172 26.29 0.975-2.400 
16. DSO 24 0.0491 0.0154 31.36 0.032-0.087 
17. SSO 24 0.0816 0.0192 23.53 0.050-0.108 
18. WP 24 0.0578 0.0076 13.15 0.045-0.073 
19. SA 24 30.50 3.40 11.14 24-36 
20. SAD 24 0.0223 0.0066 29.60  0.013-0.037 
22. RSS 24 0.0284 0.0117 41.20  0.014-0.055 
24. SSS 24 0.0498 0.0194 38.96  0.020-0.087 
32. TRW 24 0.0143 0.0027 18.88  0.011-0.020 
33. TLW 24 0.0185 0.0048 25.95  0.012-0.028 
34. FWT 24 0.1693 0.0597 35.26 0.085-0.285 
35. RWT 24 0.1925 0.0992 51.53 0.042-0.528 
36. CL 24 0.7913 0.0401 5.07 0.725-0.875 
37. CD 24 0.1671 0.0111 6.64 0.148-0.188 
38. MAW 24 0.1697 0.0196 11.55 0.138-0.200 
40. VD 24 0.1153 0.0320 27.75 0.069-0.175 
41. RA 24 18.17 1.95 10.71 15-21 
42A. LA-1 24 9.25 3.98 43.03 3-17 
42B. LA-2 24 47.33 10.03 PAG) 36-68 
43. TB 24 0.7340 0.1120 15.26 0.580-0.950 


covered during astogenetic thickening of lamellar skel- 
eton, microstylets increase slightly in diameter; ob- 
verse dissepiment surface texture smooth, reverse sur- 
face texture granular, both coarsening with astogeny. 
Emplacement of dissepiments varying from perpen- 
dicular to as much as 50° from perpendicular to branch 
length. Apertures open on proximal or distal edge, or 
in middle of dissepiment edge at branch-dissepiment 
contact; arranged symmetrically or asymmetrically be- 
tween branches. 

Fenestrules extremely large; shape elliptical to ap- 
proaching rectangular on both obverse and reverse sur- 
faces, highly elongate proximodistally; moderately 
variable in size and shape; very slight expansion in 
width and length in obverse-reverse direction. Mean 
width of fenestrule four-sevenths branch width; fenes- 
trule opening exhibiting slight decrease in size during 
astogeny. Width to length ratio of fenestrule ranging 
from 1:10 to approximately 2:3, highly variable; mean 
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ratio of width to length approximately 1:4, length of 
fenestrule slightly more constant than width. Four to 
seven (most commonly five to six) apertures per fe- 
nestrule length; distance between closest aperture cen- 
ters along branch approximately 1.6 times spacing di- 
agonally across branch, spacing across fenestrule 2.2 
times spacing diagonally across branch; spacing along 
and diagonally across branch variable, spacing across 
fenestrule highly variable. 

Autozooecial aperture size large, shape irregularly 
ovate, enlarged on distal end, to approaching circular, 
elongate proximodistally to proximoabaxially; width 
to length ratio approximately 7:10, size highly uniform, 
shape moderately uniform; mid-branch apertures 
opening parallel to plane of obverse surface, adaxial 
apertures opening parallel to plane of obverse surface 
or at slight angle toward fenestrule; lower-end wide, 
well-developed, complete peristome present. Twenty- 
four to 36 (most commonly 30 to 32) intermediate- 
size stylets, regularly sized and well-developed, sur- 
round aperture; stylets develop from lateral edge of 
peristome. Abaxial aperture margins extend slightly 
into fenestrule, causing slight inflections in fenestrule 
outline on obverse surface. Centrally thickened ter- 
minal diaphragms present throughout zoarium. 

Zoarial supports extremely well-developed, occur- 
ring as extensions of reverse zoarial surface and lateral 
edge of zoarium. 

Interior description.— Branches irregularly ovate to 
approaching circular in transverse section, slightly 
elongate parallel to plane of obverse surface; slightly 
enlarged on obverse surface. Branches thick, slightly 
variable in depth. 

Autozooecial living chamber size moderately large, 
chambers emplaced in three or four alternating rows 
along planar branch axial walls; axial walls irregularly 
zigzag diagonally across branch near reverse wall; be- 
coming straight to slightly sinuous in mid chamber and 
near obverse surface; where sinuous, extending toward 
and connecting with chamber lateral walls. Chamber 
longest dimension parallel to proximal and distal lat- 
eral chamber walls. Autozooecial chamber outline ir- 
regularly ovate to irregularly rectangular in mid cham- 
ber and throughout most of chamber length; irregularly 
bilobate-ovate to elliptical near obverse surface, with 
inflection at mid abaxial chamber edge, enlarged at 
distal end; chamber shape moderately uniform, same 
in all rows of chambers across branch. Aperture po- 
sitioned at distal to distal-abaxial end of chamber, con- 
nected to chamber by upper-end intermediate length, 
highly variable length vestibule. Autozooecial cham- 
ber width and depth approximately equal; ratio of 
chamber width to length approximately 2:9; chamber 
length and depth both highly constant, width slightly 


variable. Superior and inferior hemisepta both absent. 
Adaxial rows of autozooecial chambers diverge later- 
ally from middle of branch at a highly variable angle 
(mean approximately 9°); abaxial rows of autozooecial 
chambers diverge laterally from middle of branch at 
variable angle (mean approximately 47°). Orientation 
of apertures to chamber varies between adaxial and 
abaxial rows of chamber; however, internal chamber 
shape and dimensions of adaxial and abaxial chambers 
are approximately the same. Autozooecial chambers 
diverge from reverse wall at a slightly variable angle 
(mean approximately 18°). 

Three-dimensionally reconstructed chamber forms 
a slightly polygonal tube; length, viewed from lateral 
edge of branch, substantially greater than depth and 
width, viewed from distal end of branch and obverse 
surface respectively, both of which are essentially equal. 

Internal granular layer thin to lower-end interme- 
diate in thickness; granular skeletal layer well-devel- 
oped, continuous with obverse nodes, stylets, peri- 
stomes and apertural stylets; reverse longitudinal striae 
and microstylets; across dissepiments and in the mid- 
dle of zoarial supports. Outer lamellar layer thickness 
intermediate, exhibiting slight to intermediate asto- 
genetic thickening. 

Remarks.—P. simulatrix was described by Ulrich 
(1890) for ““Keokuk Group” materials found at Nau- 
voo and Warsaw, Illinois and Keokuk and Bentons- 
port, Iowa. Ulrich noted close similarities between this 
species and P. maccoyana, but separated the two on 
the basis of the more robust nature of P. maccoyana. 

Of the polyporids analyzed here, P. simulatrix most 
closely resembles P. gracilis in general chamber shape, 
size of fenestrule opening, branch spacing, and number 
and spacing of nodes. P. simulatrix 1s distinguished by 
having greater chamber length and smaller depth and 
width, much smaller reverse-wall budding-angle, wider 
and thicker branches, more numerous apertural stylets, 
substantially larger aperture openings, and wider spac- 
ing of apertures along, across, and between branches. 
The two species cannot be readily distinguished on 
external morphology. 

Material studied.—Eight exterior fragments, two 
sectioned specimen; largest zoarial fragment 14 x 36 
mm (width to length). Relatively thin nature of internal 
granular skeleton results in crushing of many zoarial 
fragments. 

Occurrence.— Found throughout Warsaw study area, 
however forming an extremely minor component of 
Warsaw fauna. Most commonly associated with argil- 
laceous and calcilutite microfacies, presumably de- 
posited in relatively low-energy environments. 

Figured and/or measured specimens.—UI X-6922, 
6923 (location 11, sample 60). 
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Polypora retrorsa Ulrich, 1890 
Plate 71, figures 5-9, Plate 72, figures 1-8; Table 46 


Polypora retrorsa Ulrich, 1890, p. 591, pl. 59, figs. 6-6d [Keokuk 
Group: Keokuk, Iowa]; Keyes, 1894, p. 29 [Keokuk Limestone: 
Keokuk, Iowa]. 


Diagnosis.—Zoarium robust, mesh spacing close, 
pattern moderately to highly regular; branches robust, 
wide, thick in depth; straight to slightly sinuous, curved 
toward sites of dissepiment emplacement, broadly 
curved at lateral zoarial edge: transversely irregularly 
elliptical, ovate to approaching circular, spacing close; 
branches joined at highly regular intervals by inter- 
mediate-width, extremely short dissepiments. Fenes- 
trule size intermediate; shape ovate to approaching 
elliptical on obverse, ovate on reverse, becoming cir- 
cular with astogeny, regular. Autozooecial aperture size 
upper-end intermediate, shape irregularly ovate, point- 
ed at distal end, to approaching circular, elongate prox- 
imodistally to rarely proximoabaxially, surrounded by 
thin, well-developed incomplete peristome open at 
proximal edge to rarely at proximal-abaxial edge; six 
to nine (most commonly seven to eight) intermediate- 
size stylets surround aperture; three to six (most com- 
monly four) apertures per fenestrule length. Moder- 
ately large stylets irregularly positioned across obverse 
surface. Autozooecial living chambers large, emplaced 
in three or four alternating rows, except five or six rows 
at sites of branch bifurcation or for moderate distances 
proximal to sites of branch bifurcation, or two or three 
rows for short to moderate distances distal to sites of 
branch bifurcation; chamber outline irregularly ovate 
to circular near reverse wall and throughout chamber 
length; more symmetrically ovate to circular near ob- 
verse surface; chamber shape moderately uniform in 
all rows across branch. Chamber longest dimension 
parallel to proximal and distal lateral chamber walls. 
Aperture typically positioned at distal, less commonly 
distal-abaxial end of chamber, connected to chamber 
by long, highly variable length vestibule. Superior and 
inferior hemisepta both absent. Lateral-wall budding- 
angle of adaxial autozooecial chambers highly variable 
(mean approximately 7°); lateral budding-angle of ab- 
axial autozooecial chambers variable (mean approxi- 
mately 25°); reverse-wall budding-angle of adaxial and 
abaxial chambers uniform, with a constant angle (mean 
approximately 77°). Table 46 presents statistical cri- 
teria used in delimiting this species. 

Exterior description.—Zoarium robust, expansion 
flat to obversely cup-shaped, fan-shaped; mesh spacing 
close; moderate to pronounced astogenetic thickening 
of both obverse and reverse lamellar skeleton; zoarial 
pattern moderately to highly regular. Probable mature 
widths 20 to 40 mm; lengths 20 to 60 mm. 

Branches robust, wide, moderately variable in width; 
straight to slightly sinuous, curved toward sites of dis- 


Table 46.—Summary numerical analysis of Po/ypora retrorsa UI- 
rich, 1890. For explanation of abbreviations of characters (left col- 
umn), see Table 8b (foldout inside back cover). 


number 
of 

mea- coeffi- 

sure- standard cient of observed 

ments mean deviation variation range 
1. WB 24 0.5165 0.1050 20.35  0.325-0.675 
2. DBC 24 0.7768 0.1352 17.40 0.490-0.950 
3. WD 24 0.4178 0.0546 13.07  0.333-0.500 
4. LF 24 0.6578 0.0826 12.56 0.505-0.820 
5. WEF 24 0.2941 0.0426 14.48  0.225-0.375 
6. AF 24 3.67 1.43 39.10 3-6 
7. AL 24 0.1348 0.0101 7.49 0.112-0.150 
8. AW 24 0.1245 0.0103 8.27. 0. 108-0.138 
9. ADB 24 0.2330 = =0.0203 8.71 0.198-0.265 
10. AAB 24 0.1902 0.0199 10.46 0.145-0.222 
11. ABB 24 0.3661 0.0716 19.56  0.288-0.480 
16. DSO 24 0.0103 0.0027 26.21 0.006-0.015 
17. SSO 24 0.0213 0.0049 23.00 ~0.013-0.030 
18. WP 24 0.0178 0.0027 15.17  0.014—0.024 
19. SA 24 es 0.97 12.46 6-9 
20. SAD 24 0.0396 0.0103 26.01 0.028-0.063 
22. RSS 24 0.0204 0.0053 25.98  0.013-0.031 
24. SSS 24 0.0382 0.0106 27.75 0.024—0.060 
32. TRW 24 0.0466 0.0105 22.53 0.031-0.066 
33. TLW 24 0.0494 0.0171 34.62 0.023-0.082 
34. FWT 24 0.1480 0.0495 33.45 0.075-0.250 
35. RWT 24 0.2765 0.1194 43.18 0.125-0.525 
36. CL 24 0.6953 0.0330 4.75  0.620-0.750 
37. CD 24 0.3357 =0.0334 9.95 0.285-0.400 
38. MAW 24 0.1275 0.0107 8.39 0.108-0.145 
40. VD 24 0.1452 0.0467 32.16 0.088-0.240 
41. RA 24 76.75 5:33) 6.94 68-87 
42A. LA-1 24 6.67 Sly) 47.56 2-12 
42B. LA-2 24 24.75 5.59 22.60 17-34 
43. TB 24 0.8132 0.1500 18.45 0.575-1.150 


sepiment emplacement, lateral branches broadly curved 
toward edge of zoarium. Branch spacing close, distance 
between adjacent branch centers moderately regular. 
Obverse surface texture granular, coarsening with as- 
togeny; surface typically slightly rounded to less com- 
monly flat. Moderately large stylets, variable in size 
and irregularly positioned across obverse branch sur- 
face, stylet diameter increasing slightly to moderately 
with astogeny. Reverse surface texture granular, coars- 
ening with astogeny; bearing few rows of widely spaced 
longitudinal striae which become covered by lamellar 
skeleton during astogeny. Intermediate-size micro- 
stylets develop as extensions of striae; microstylets 
closely and irregularly spaced, variable in size, slightly 
to moderately increasing in diameter with astogeny. 
Autozooecia typically in three or four rows diagonally 
across branch; except as many as five or six rows at 
sites of branch bifurcation or for moderate distances 
proximal to sites of branch bifurcation and as few as 
two or three rows for short to moderate distances 1m- 
mediately distal to sites of branch bifurcation; branch- 
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es exhibit moderate thickening proximal, moderate to 
pronounced thinning distal to sites of branch bifur- 
cation. Heterozooecia absent in all zoarial fragments 
analyzed. 

Dissepiment width intermediate, approximately 
four-fifths branch width, width constant; length ex- 
tremely short, constant; connect branches at highly 
regular intervals. Dissepiments exhibit moderate me- 
dial thinning, pronounced flaring at branch-dissepi- 
ment contact; slightly recessed from obverse, even with 
reverse surface. Moderate to pronounced astogenetic 
thickening of dissepiment. Obverse dissepiment sur- 
face with moderately large stylets irregularly positioned 
across dissepiment surface, stylet diameter increasing 
slightly to moderately with astogeny; reverse dissepi- 
ment surface with longitudinal striae oriented perpen- 
dicular to branch length, atop which occur rows of large 
microstylets; striae covered by lamellar skeleton during 
astogenetic thickening, microstylets increase slightly in 
diameter with astogeny; obverse and reverse surface 
textures granular, both coarsening with astogeny. Em- 
placement of dissepiments varying from perpendicular 
to a slight angle from perpendicular to branch length. 
Apertures open onto dissepiment proximal or distal 
edge, or in middle of dissepiment edge at branch—-dis- 
sepiment junction for moderate to pronounced dis- 
tances frequently with two autozooecia opening onto 
dissepiment edge; arranged symmetrically or asym- 
metrically between branches. 

Fenestrule size intermediate; shape ovate to ap- 
proaching elliptical on obverse; initially ovate on re- 
verse, becoming circular with astogeny; fenestrule 
slightly to moderately elongate proximodistally; reg- 
ular in size and shape; moderately expanding in width 
and length in obverse-reverse direction. Mean width 
of fenestrule four-sevenths branch width; fenestrule 
opening exhibiting pronounced decrease in size during 
astogeny. Width to length ratio ranging from 3:4 to 
approximately 1:4, moderately constant; mean ratio of 
width to length approximately 4:9, length and width 
of fenestrule both constant. Three to six (most com- 
monly four) apertures per fenestrule length; distance 
between closest aperture centers along branch 1.23 
times spacing diagonally across branch, spacing across 
fenestrule 1.93 times spacing diagonally across branch; 
spacing along branch moderately constant, spacing di- 
agonally across branch slightly variable, spacing across 
fenestrule highly variable. 

Autozooecial aperture size upper-end intermediate, 
shape irregularly ovate, pointed at distal end and elon- 
gate proximodistally to rarely proximoabaxially, less 
frequently approaching circular; width to length ratio 
approximately 11:12, size uniform, shape moderately 
uniform; mid-branch apertures open parallel to plane 
of obverse surface, adaxial apertures typically open at 


slight angle toward fenestrule, less frequently parallel 
to plane of obverse surface; thin, well-developed in- 
complete peristome present, open at proximal to more 
rarely proximal—abaxial edge. Six to nine (most com- 
monly seven to eight) intermediate-size stylets, vari- 
able in size and well-developed, surround aperture; 
stylets develop from lateral edge of peristome. Abaxial 
aperture margins extend slightly into fenestrule, caus- 
ing slight inflections in fenestrule outline on obverse 
surface. Centrally thickened terminal diaphragms pres- 
ent, occurring throughout the zoarium. 

Zoarial supports absent in all zoarial fragments an- 
alyzed. 

Interior description.— Branches irregularly elliptical, 
ovate to approaching circular in transverse section, 
slightly to highly elongate parallel to plane of zoarial 
surface; enlarged on obverse surface. Branches thick, 
slightly variable in depth. 

Autozooecial living chambers large, arranged in three 
or four alternating rows along planar branch axial walls; 
axial walls highly sinuous near branch reverse wall; 
slightly sinuous in mid and throughout most of cham- 
ber length; approaching straight near obverse surface; 
where sinuous, axial walls extend toward and connect 
with chamber lateral walls. Autozooecial chamber out- 
line irregularly ovate to circular near reverse wall and 
throughout most of chamber length; becoming more 
symmetrically ovate to circular near obverse surface; 
chamber shape moderately uniform in all rows of 
chambers across branch. Aperture typically positioned 
at distal, less commonly distal—abaxial end of chamber, 
connected to chamber by long, highly variable length 
vestibule. Ratio of autozooecial chamber width to depth 
approximately 3:8; depth to length ratio slightly less 
than 1:2; chamber length highly constant, depth and 
width moderately constant. Superior and inferior hemi- 
septa both absent. Adaxial rows of autozooecial cham- 
bers diverge laterally from middle of branch at a highly 
variable angle (mean approximately 7°); abaxial rows 
of autozooecial chambers diverge from middle of 
branch at variable angle (mean approximately 25°). 
Although orientation of apertures varies between ad- 
axial and abaxial rows of chambers, internal chamber 
shape and dimensions of adaxial and abaxial chambers 
are the same. Autozooecial chambers diverge from re- 
verse wall at a constant angle (mean approximately 
ihe): 

Three-dimensionally reconstructed chamber form 
an irregular tube; length, viewed from lateral edge of 
branch, over twice depth, viewed from distal end of 
branch; which in turn is slightly less than three times 
width, viewed from obverse surface. 

Internal granular layer thick; granular skeletal layer 
poorly developed, continuous with obverse stylets, 
peristomes and apertural stylets; reverse longitudinal 
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striae and microstylets; and across dissepiments. Outer 
lamellar layer thick, exhibiting pronounced astogenetic 
thickening. 

Remarks.—P. retrorsa was described by Ulrich (1890) 
from the Keokuk Group at Keokuk, Iowa. Although 
none of Ulrich’s originally described materials were 
available, his description of “distinct granules and 
rounded fenestrules of the reverse, and the unequally 
developed peristome”’ (p. 591) are quite diagnostic. 

This species is readily distinguished from other po- 
lyporids by its much more granular nature, incomplete 
peristome, high reverse-wall budding-angle, small 
number of apertural stylets, and closer mesh spacing. 

Material studied.—Seven exterior fragments, two 
sectioned specimens; largest zoarial fragment 14 x 22 
mm (width to length). Extremely poorly preserved in 
all samples analyzed. 

Occurrence.— Rare; occurrence restricted to south- 
ern half of study area. Found almost exclusively in 
low-energy environments. 

Figured and/or measured specimens.—UI X-6908, 
6909 (location 49B, sample 17). 


CHANGING DISTRIBUTION OF MESHWORK 
FENESTRATE SPECIES 
THROUGHOUT THE WARSAW STUDY AREA 


This narrow stratigraphic interval yielded geograph- 
ic rather than stratigraphic variations in species oc- 
currence and community composition. The twenty- 
three measured sections used to determine distribution 
of meshwork fenestrate species are shown in Text-fig- 
ure 19. 

Although complete Warsaw sections are rare, the 
lower conformable contact between the Keokuk and 
Warsaw is typically well-preserved, with the Warsaw 
consisting of 20 to 40 ft (6.1 to 12.3 m) of calcareous 
or argillaceous shale, typically containing either geodes 
or fossiliferous calcareous interbeds. Because the upper 
Warsaw was absent in most sections, and because 
abundant and diverse bryozoan assemblages are pres- 
ent in the lower Warsaw, the lower Warsaw was used 
almost exclusively in determining geographic species 
distribution patterns. 

A total of 37 meshwork fenestrate species was found 
in the Warsaw (see Table 47). In each stratigraphic 
section, fossiliferous slabs and loose shale samples were 
collected and scanned for specimen exteriors using a 
binocular microscope. Acetate peels were prepared 
where exteriors were inadequate for identification. Rel- 
ative occurrence was recorded for each sample, re- 
cording whether species were rare (R), with one to three 
zoarial fragments present; common (C), with four to 
10 zoarial fragments present; or abundant (A), with 
greater than 10 zoarial fragments. One cm? grid over- 
lays were used on slab surfaces, with species counted 


Table 47.— Occurrence of meshwork fenestrate species throughout 
the Warsaw study area. Areas of occurrence are shown to the left of 
the species name and number by the symbol A for those exclusively 
found in the northern part of the study area, Ml for those exclusively 
found in the southern part of the study area, and @ for species 
occurring throughout the study area. Numbers assigned to species 
are used consistently throughout the text. 


Family Fenestellidae King, 1849 


@!. Rectifenestella tenax (Ulrich, 1888) 
@2. Rectifenestella tenuissima (Cumings, 1906) 
@3. Rectifenestella multispinosa (Ulrich, 1890) 
@4. Laxifenestella coniunctistyla, n. sp. 
@5. Laxifenestella maculasimilis, n. sp. 
@6. Laxifenestella serratula (Ulrich, 1890) 
@7. Laxifenestella fluctuata, n. sp. 
@8. Minilya sivonella, n. sp. 
@9. Minilya paratriserialis, n. sp. 
W10. Exfenestella exigua (Ulrich, 1890) 
@11. Banastella guensburgi, n. sp. 
@12. Banastella cingulata (Ulrich, 1890) 
@13. Banastella mediocreforma, n. sp. 
414. Banastella limitaris (Ulrich, 1890) 
Al5. Banastella biseriata (Ulrich, 1890) 
@16. Banastella delicata, n. sp. 
@17. Cubifenestella rudis (Ulrich, 1890) 
@18. Cubifenestella usitata, n. sp. 
@19. Cubifenestella globodensata, n. sp. 
@20. Apertostella foramenmajor, n. sp. 
A21. Apertostella crassata, n. sp. 
A22. Apertostella venusta, n. sp. 
@23. Hemitrypa perstriata Ulrich, 1890 
@24. Hemitrypa hemitrypa (Prout, 1859) 
@25. Hemitrypa aprilae, n. sp. 
@26. Hemitrypa aspera Ulrich, 1890 
@27. Hemitrypa vermifera (Ulrich, 1890) 
A28. Archimedes negligens Ulrich, 1890 
A29. Archimedes owenanus (Hall, 1857b) 
430. Archimedes wortheni (Hall, 1857b) 
@31. Archimedes valmeyeri, n. sp. 
Family Polyporidae Vine, 1884 
A32. Fenestralia sanctiludovici Prout, 1858a 
33. Polypora gracilis Prout, 1860 
@34. Polypora varsoviensis Prout, 1858a 
@35. Polypora spininodata Ulrich, 1890 
@36. Polypora simulatrix Ulrich, 1890 
@37. Polypora retrorsa Ulrich, 1890 


at line intersections. Between 50 and 100 counts were 
made for each horizon analyzed. Averaged data for all 
37 species are compiled in Table 48, with most typical 
abundances shown for each section. 

Twenty species recognized were found to range 
throughout the lower Warsaw. These include Rectife- 
nestella tenax, Rectifenestella multispinosa, Laxife- 
nestella coniunctistyla, Laxifenestella maculasimilis, 
Laxifenestella serratula, Minilya paratriserialis, Ban- 
astella cingulata, Banastella mediocreforma, Banas- 
tella delicata, Cubifenestella rudis, Cubifenestella usi- 
tata, Cubifenestella globodensata, Apertostella 


foramenmajor, Hemitrypa perstriata, Hemitrypa 


hemitrypa, Hemitrypa aspera, Hemitrypa vermifera, 
Polypora varsoviensis, Polypora spininodata, and Po- 
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Text-figure 19.—The 23 measured sections used to determine species distribution. 
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Table 48.— Abundance of species of Warsaw Formation meshwork fenestrate bryozoans at each locality. R = rare (<2 specimens per sample 
horizon); C = common (2-8); A = abundant (>8); ? = questionable occurrence due to preservation; — = not present. 
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/ypora simulatrix. Certain of the remaining 17 species 
were present throughout individual measured sections, 
but were restricted geographically along a north-south 
trend; changing composition for these 17 species is 
shown in Text-figure 20. 

The depositional sequence present at the Keokuk— 
Warsaw contact is that of a carbonate shelf (the Keo- 
kuk) overlain by calcareous and argillaceous shales (the 
Warsaw). Sediment source for these sediments is prob- 


ably from the east-northeast (Atherton and Palmer, 
1979) and the northwest (see pp. 10, 11 for details). 
Similar facies relationships, faunal succession, and tro- 
phic structuring observed throughout the Warsaw sug- 
gest that depositional environments were probably 
broadly comparable. Changes in the lower Warsaw fau- 
na probably reflect evolution rather than shifts in en- 
vironment. 

Unfortunately, because of little resistance to weath- 
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ering, the upper Warsaw frequently is poorly exposed, is required to establish definitively whether geograph- 
limiting the possibilities for detailed biostratigraphic ically changing composition of Warsaw species assem- 
analysis. Further work with underlying (Keokuk) and blages is biostratigraphically (evolutionarily) or envi- 
overlying (Salem, Sonora, Spergen, and St. Louis) units ronmentally (ecologically) controlled. Based on the 
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Text-figure 20.—Changing species composition of localities in the Warsaw study area. 
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general trend of infilling of the Illinois Basin from north 
to south, which would indicate the boundary between 
the Keokuk and Warsaw is not time equivalent 
throughout the basin, it appears evolutionary control 
is the most probable explanation. 


TROPHIC STRUCTURE IN 
SUSPENSION-FEEDING COMMUNITIES 


INTRODUCTION 


Polypide shape in modern bryozoans 1s closely re- 
flected by chamber skeletal shape (Winston, 1977). 
Chamber skeletal shape in fossil bryozoans is therefore 
assumed to reflect ancient polypide shape. Further, 
many modern bryozoans and the Warsaw fenestrates 
have limited intraspecific chamber variability, but a 
broad range of interspecific chamber variation. Studies 
of modern Bryozoa (Winston, 1977, 1982; Strath- 
mann, 1973; Bullivant, 1968b) indicate niche differ- 
entiation as the most probable cause of such intraspe- 
cific consistency and interspecific variability. 

Using criteria derived from studies of modern chei- 
lostome Bryozoa, analagous in many respects to mesh- 
work fenestrates, patterns of niche differentiation re- 
flected by variation in zooecial size and species diversity 
are proposed for Warsaw fenestrates. The basis for 
concepts of trophic structuring in seemingly similar 
recent communities and implications for recognition 
of niche differentiation in fossil assemblages will be 
established in the following section. 

Hutchinson (1959), Turpaeva (1957), and Schoener 
(1974), among others, observed that organisms inhab- 
iting a single environment tend to use different food 
resources. Nevertheless, within suspension-feeding 
communities, the general consensus (Knight-Jones and 
Moyse, 1961) was that no need exists for trophic spe- 
cialization because suitable and abundant food is avail- 
able. Levinton (1972) suggested that species would not 
exploit the same food resources and thus would not 
complete; consequently trophic structuring within 
communities does not develop. 

Winston (1977, p. 263) presented a strong argument 
for trophic structuring, stating that ‘While food may 
not be a limiting factor in most marine habitats, it is 
true that at least partial separation of the trophic re- 
sources does exist among suspension feeders in the 
same community.” Basing these conclusions on her 
Own extensive work with modern bryozoan species and 
on previous work concerning niche partitioning by 
Mullin (1963) and Edmondson (1965), Winston ob- 
served that species share overlapping but observably 
separate food resources, and thus exhibit trophic par- 
titioning. Marischal (1965) and Dales (1957) reported 
feeding preferences for bryozoans and polychaetes; 
Winston’s conclusions are similar to those reached by 
these earlier workers. 


Three means by which bryozoans might achieve some 
degree of trophic separation are through selection based 
on physical, chemical, or biological factors (Winston, 
1977), all primarily concerned with either food char- 
acteristics or feeding behavior. 


NICHE DIFFERENTIATION AMONG LIVING AND FOSSIL 
SPECIES 


The concept that within a community each niche is 
occupied by a single species (competitive exclusion per 
Hardin, 1960) has met with recent opposition. Wiens 
(1977) suggested competition among species is inter- 
mittent to rare and, subsequently, gave minimal im- 
portance to competition in natural selection. Wiens 
argued that fluctuating environments are primary caus- 
es of change in populations during periods of stress, 
with little competitive interaction during times of plen- 
ty, as populations during these periods are below the 
environmental carrying capacity. Smith (1981) found 
competition to be detectable only during periods of 
stress; however, these environmental periods are in- 
terpreted to be quite frequent. Connell (1975), based 
on work with the marine intertidal and terrestrial pond 
and plant communities, argued for predation as the 
primary interspecific interaction. However, when pop- 
ulation levels become adequately high, competition for 
food resources becomes more significant than preda- 
tion. Lesser levels of predator activity in Paleozoic than 
Holocene settings (Meyer and Macurda, 1977; Ver- 
meij, 1977) could lead also to competition as a major 
factor in communities not thinned by predators. 

Diamond (1978) argued for competition as a major 
aspect of natural selection, using modern birds in his 
study. Schoener (1982, p. 594), based on a synthesis 
of many authors as well as on original research, con- 
cluded that ‘“‘Competition must still be considered of 
major ecological importance.”’ The effects of predation 
and variable environments were also acknowledged by 
Schoener as affecting natural selection. 

Niche differentiation and the constraints governing 
such differentiation are frequently difficult to recognize 
among living organisms. In fossils this difficulty in- 
creases appreciably as one must rely on skeletal fea- 
tures. One advantage in working with fossils is the 
dimension of time, which allows observation of pos- 
sible progressive niche differentiation as species evolve 
within a community. Although application of niche 
theory to ancient communities is difficult conceptually 
and in many respects limited, it is appropriate and 
necessary if a thorough understanding of these com- 
munities, their structure, function, and the way ancient 
communities relate to their modern counterparts is to 
be established (Ausich, 1980). 

Competition is herein considered the major factor 
leading to niche differentiation within Warsaw mesh- 
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work fenestrates; predation and variability of environ- 
ment are considered to have played a minor role rel- 
ative to competition. 


BRYOZOAN FEEDING MECHANISM AND BEHAVIOR 


The lophophore is a food gathering organ consisting 
of a circle of varying numbers of tentacles. Tentacles 
are hollow protruberances containing a coelomic lu- 
men continuous with a ring coelom in the lophophore 
base (Hyman, 1959). They attached to a basal ridge at 
the outer edge of the mouth and, unlike the brachio- 
pods, the lophophore is extended from the skeleton for 
feeding. When extended, the tentacles expand into a 
broad, open funnel; when contracted, the tentacles form 
a tight bundle inside the zooecium (Winston, 1977; 
also see Text-figs. 21, 22). 

Retraction of the lophophore occurs when the re- 
tractor muscles, attached to the cardia, and funicular 
muscles contract while the atrial dilators are relaxed 
(Boardman, 1975; Neilsen and Pedersen, 1979). Once 
the tentacle sheath encloses the entire lophophore, the 
atrial sphincter contracts. Retraction of the tentacles 
is a rapid process typically, whereas protrusion occurs 


direction of feeding current 


SKA 
» 


~™% A 


\ 
‘\ Ue lophoph 
HL IPs — lophophore 
7 ® | 


tentacle 


mouth 
tentacle aN 
sheath 


longitudinal muscle +++] } ‘Si dilator muscle 


retractor muscle | 
attached to cardia | 


retractor 
muscle 


| 


funicular muscle ——+—— annular muscle 


' 
| 


Si entosaccal 
coelom 


j/ —~=~— exosaccal cavity 


an 


Text-figure 21.—Modern stenolaemate showing zooid with ten- 
tacles extended. Observe direction of current flow across tentacles, 
characteristic of all members of the Bryozoa. (adapted from Board- 
man, 1975; Winston, 1977; Nielsen, 1970) 


much more slowly (Boardman, 1975). For protrusion, 
the retractor and all other muscles first relax, then an- 
nular muscles of the membranous sac contract se- 
quentially, proximally to distally in the zooid, thus 
forcing out the polypide (Nielsen and Pedersen, 1979). 
Hydrostatic pressure of coelomic fluid increases prox- 
imally as the atrium contracts, forcing fluid in the coe- 
lomic lumen in this direction (Boardman, 1975). 

Inner and lateral tentacle surfaces of the lophophore 
are covered with fine cilia; the lateral cilia move in 
such a way that metachronal waves move up the left 
side and down the right side of each tentacle (Winston, 
1977). Reversals of ciliary action can occur (Bullivant, 
1968a; Strathmann, 1973), and cilia at one point may 
stop beating without affecting other cilia along the ten- 
tacle. Median cilia apparently lack mobility; however, 
they and specific lateral cilia may act as sensory or- 
ganelles (Hyman, 1959; Bullivant, 1968a). Gordon 
(1974) observed elongate solitary and short tufts of cilia 
on the abfrontal tentacle surface which act apparently 
as sensory organelles. When stimulated, these cilia 
probably initiate retraction or flick of tentacles, or re- 
verse ciliary motion (Lutaud, 1955, 1973; Bullivant, 
1968a; Gordon, 1974). 

Two mechanisms of feeding have been suggested for 
bryozoans and other lophophorates. The first of these, 
proposed by Bullivant (1968a), is termed impingement 
feeding. Outward beating of the lateral cilia causes wa- 
ter to flow inward through the aboral side of the ten- 
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Text-figure 22.—Modern stenolaemate showing zooid with ten- 
tacles retracted. Observe how zooid almost completely fills chamber 
when in the retracted position. (after Boardman, 1975; Winston, 
1977; Nielsen, 1970) 
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tacular funnel. Water carrying food particles is directed 
into the mouth, which lies in the middle of the ten- 
tacles. Upon reaching the mouth, the current of water 
is deflected upward and outward between the tentacles, 
and food particles are deposited in the mouth. The 
latter is accomplished, as suggested by Bullivant, by 
eddying of the current immediately over the mouth 
due to sharp inflection of the current at the mouth’s 
outer edge. Carrying capacity of the current is thus 
reduced and food accumulates in the still water over 
the mouth. From here, the food is sucked into the 
digestive tract by muscular dilation of the pharynx. 
Although in general agreement with Bullivant’s model, 
Winston (1977) modified it, reporting that rather than 
forcing water to flow into the tentacular funnel, the 
lateral cilia cause current movement up the left side 
and down the right side of each tentacle. 

A second feeding mechanism was presented by 
Strathmann (1971, 1973), who suggested the impinge- 
ment model could not work because of the similar 
density between food particles and that of water. In 
this second model, brief reversals of the cilia were 
thought by Strathmann to bounce food particles into 
the mouth because of the presence of strongest current 
in the center of the lophophore. Neither model has yet 
been proven. 

Length and number of tentacles should cause a pro- 
nounced effect on efficiency of feeding in bryozoans, 
as more and longer tentacles should increase volume 
of food brought to the mouth, yet only recently has 
tentacle number been considered in studies on Bryo- 
zoa. Use of tentacle number as an important taxonom- 
ic character was proposed by Waters (1904), but ig- 
nored by most subsequent workers (per Winston, 1977). 
Attempts have been made to attach tentacle number 
and length to depth of occurrence (Braem, 1940; Bul- 
livant, 1968a), but conclusions lack broad application. 
Hyman (1959) found tentacle number to vary both 
within and between species, ranging from eight to 34. 
Winston (1977, p. 242), in over 200 cyclostome, cteno- 
stome, and cheilostome species determined “*1) range 
of variation in each of the orders and in selected fam- 
ilies, genera, and species, and 2) whether tentacle num- 
ber can be related to morphological or ecological pa- 
rameters.”” Winston recognized five groups based on 
growth form and taxonomy: (1) cyclostomes contain- 
ing eight to 16 tentacles [31 species examined]; (2) 
stoloniferous ctenostomes containing predominantly 
eight to 10 tentacles with a few species having up to 
25 tentacles per polypide [29 species examined]; (3) 
carnose ctenostomes containing eight to 35 tentacles 
per polypide [39 species examined]; (4) amascan chei- 
lostomes, with a bimodal distribution of tentacles with 
peaks between 11 and 16 and between 20 and 28 ten- 


tacles per polypide [60 species examined]; and (5) as- 
cophoran cheilostome species containing predomi- 
nantly 11 to 19 tentacles per polypide, with few species 
having 20 to 28 tentacles per polypide [53 species ex- 
amined]. In general, groupings possessing the greatest 
zoarial regularity in pattern (carnose ctenostomes and 
both amascan and ascophoran cheilostomes) show the 
greatest variation in tentacle count. 

Bullivant (1968b) and Winston (1976, 1977) deter- 
mined food passage rates (/.e., from mouth to anus) 
depend on animal condition, food quality and con- 
centration, and species differences, ranging from a min- 
imum of 21 minutes in Bugula turrita to a maximum 
of 60 minutes of Zoobotryon verticillatum. Consistent 
differences between species and orders were also ob- 
served by Winston. She observed that non-nutritive 
particles pass through the bryozoan digestive system 
more rapidly than food particles. 


Food Particle Size 


Although based on somewhat limited data, physical 
size of food particles is the primary means by which 
niche differentiation in modern bryozoans is thought 
to occur (Parsons and Le Brasseur, 1970; Winston, 
1977). Size of modern phytoplankton particles ranges 
generally from | to 120 microns (Dussart, 1964; Shel- 
don, Sutcliffe, and Prakash, 1973). Sheldon empha- 
sized the pronounced size and volume differences be- 
tween a bacterium at | um and a diatom or protozoan 
at 100 um, observing variation of two orders of mag- 
nitude in diameter and six orders of magnitude in vol- 
ume. Such differences would seem to allow niche dif- 
ferentiation. 

A relationship between mouth and food particle size 
was observed in a study of modern bryozoans by Win- 
ston (1977). In this study, Winston also illustrated the 
apparent correlation of phytoplankton abundance with 
bryozoan mouth diameters. Although certain types of 
algae were found to be selected preferentially by dif- 
ferent species of bryozoan, the primary differentiation 
of trophic resources is based apparently on food par- 
ticle size. Because mouth dimensions in modern chei- 
lostome species equal approximately the maximum 
diameter food particle which an individual zooecium 
can assimilate (Winston, 1977), mouth dimension is 
considered critical in determining niche differentia- 
tion. 

Winston (1977) suggested a shallow-water, tropical 
marine environment (such as that of the Warsaw) pro- 
vided the greatest potential for pronounced differen- 
tiation of food resources. According to her, this dif- 
ferentiation should be represented by variation in 
tentacle number, lophophore diameter, mouth diam- 
eter, and apertural and zooecial characters. 
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Morphological Features Governing Feeding Rates 
in Modern Bryozoan Species 


Winston (1977), in a study of shallow water marine 
bryozoans from Woods Hole, Massachusetts, com- 
pared ten species in terms of tentacle number, tentacle 
length, lophophore diameter, length of zooecium, width 
of zooecium, length of orifice (aperture), width of or- 
ifice (aperture), diameter of mouth, and size of fecal 
pellet. Moderate to pronounced variation of the above 
features is observed between species: tentacle numbers 
range from eight to 30, tentacle length from 0.2 to 1.0 
mm, expanded lophophore diameters from 0.2 to 1.4 
mm, and mouth diameters from 0.019 to 0.009 mm. 
In contrast, Winston observed pronounced regularity 
of these features within species. 

Clearance rate, defined as the rate at which a sus- 
pension feeder clears a suspension, can be studied by 
placing colonies in containers with fixed amounts of 
suspended algae. Bullivant (1968b) observed clearance 
rates of between 0.152 and 1.050 ml/zooid/hr in dif- 
ferent species of Zoobotryon Ehrenberg, 1831. An at- 
tempt to measure clearance rate indirectly was pre- 
sented by Strathmann (1973). He proposed (for fluid 
flowing at a velocity of 1 cm/sec) that clearance rate 
is equal to the product of the tentacle length times the 
tentacle number times 1.4 ml/hr/cm. His theoretical 
results equate well with those observed by Bullivant 
in living Zoobotryon colonies (Winston, 1977). This 
formula indirectly provides a tool for the analysis of 
fossils. 

Polypide dimensions were calculated by Winston 
(1977) to determine theoretical maximum clearance 
rate using Strathmann’s (1973) formula. Difference in 
clearance rate for species with smallest number and 
length and those with largest number and length of 
tentacles is between 0.21 ml/hr/zooid (Crisia eburnea 
Lamouroux, 1812) and 3.78 to 4.20 ml/hr/zooid (F/us- 
trellidra hispida Fabricius, 1780), a difference in rate 
approaching 20 times. Winston demonstrated that the 
larger the number and greater the length of tentacles, 
the more efficient the feeding cone developed. 

Winston observed substantially greater polypide siz- 
es associated with species having greatest clearance 
rates. Increased size of both mouth and polypide is 
associated with increased tentacle number, length, and 
greater lophophore diameter, suggesting food special- 
ization. 


WARSAW ENVIRONMENTAL AND PALEOECOLOGICAL 
SETTING 


The abundant fenestrate-dominated assemblages in 
the Warsaw provide an opportunity to evaluate pos- 
sible niche differentiation in a Paleozoic shallow-water 


marine community. Sequential stages of faunal suc- 
cession have been recognized (Snyder, 1987) which 
indicate both physical and biological factors contrib- 
uted to Warsaw community development. 

Facies interrelationships and thus broad deposition- 
al environments appear comparable throughout the 
sample area (see pp. 11-14) for both the Warsaw and 
underlying Keokuk Formations. 

Fenestrate species within Warsaw communities 
change between the northernmost and southernmost 
ends of the sample area (see p. 156). Such changes can 
result from evolutionary or environmental variability; 
however, causes for these differences are beyond the 
scope of this study. Warsaw communities and their 
trophic structuring, however, will be dealt with in terms 
of species confined to the northernmost area, species 
confined to the southernmost area, species occurring 
throughout the area, and all three combined. Both 
northern and southern communities developed in sim- 
ilar facies and thus in similar inferred depositional 
environments, with community development follow- 
ing highly similar stages of succession. 

Materials and Approach. — Data employed for eval- 
uating Warsaw niche differentiation are derived from 
the section on taxonomy (pp. 40-156). Such data sets 
not only establish a sound base for taxonomy but also 
provide the opportunity for paleoecologic studies such 
as that of possible trophic structuring in the meshwork 
fenestrates. 

Table 47 lists species employed in the trophic anal- 
ysis of Warsaw Bryozoa, assigning a number to each 
for future identification and records area(s) of occur- 
rence (such as north, south, or throughout) in the area. 
The following nine characters are used in determining 
meshwork fenestrate niche assignment: (1) zooecial 
length; (2) zooecial depth; (3) maximum zooecial width; 
(4) aperture length; (5) aperture width; (6) aperture 
spacing along branch; (7) aperture spacing across 
branch; (8) aperture spacing between branches; and (9) 
number of apertural stylets. The arithmetic mean of 
these measurements, using 24 measurements of each 
character per species, was used. Table 49 lists the char- 
acter dimensions from species analyzed. 


ZOARIAL EMPLACEMENT AND FEEDING IN WARSAW 
MESHWORK FENESTRATES 


In the Warsaw, zoarial emplacement and mecha- 
nisms of feeding are assumed to be the same as those 
observed in modern species; analagous features as well 
as those specific to fossils themselves are considered 
as follows: 


A. Colony positioning within the environment. 
1. Colony growth was perpendicular or at a slight 
angle from perpendicular to the substrate, ex- 
tending the zoarium upward into the water col- 
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Table 49.—Fenestrate characters used in niche differentiation. Explanations of species numbers are shown in Table 47. 
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TedicX 0.4 x 0.1 x 
closest aperture lophoph. 
aper. mini- — diam- 
aper- aper- aper- loph. space= mum=_ eter = 
ture ture ture dia. ~ interp. interp. _ interp. 
mean mean mean aper- aper- spacing spacing spacing tentacle interp. lopho- diameter diameter (lxdxw) 
zooecial zooecial zooecial ture ture along across between number tentacle phore of of zooecial 
length — depth width length width branch branch branches _ (stylet length diameter mouth mouth volume 
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) number) (mm) (mm) (mm) (mm) (mm?) 
1. 0.184 0.100 0.104 0.064 _ 0.231 0.282 0.301 6.42 0.347 0.347 0.026 0.035 0.0019 
2 10215 0.105 0.106 0.101 0.090 0.230 0.230 0.297 4.33 0.345 0.345 0.036 0.035 0.0024 
3. 0.261 0.151 0.146 OM 0.096 0.234 O:225 0.214 = 0.338 0.338 0.039 0.034 0.0058 
4. 0.263 0.171 0.148 0.104 _— 0.300 =0.289 0.378 - 0.434 0.434 0.042 0.043 0.0067 
5. 0.230 0.154 0.140 0.076 - 0.255 0.301 0.257 = 0.383 0.383 0.030 0.038 0.0050 
6. 0.219 0.139 0.143 0.100 0.084 0.235 0.242 0.249 — 0.353 0.353 0.034 0.035 0.0044 
7. 0.281 0.147 0.162 0.091 0.074 0.262 0.295 0.399 _ 0.393 0.393 0.030 0.039 0.0067 
8. 0.269 0.158 0.139 0.106 — 0.394 0.370 0.391 10.42* 0.569 0.569 0.042 0.057 0.0081 
9. 0.210 0.152 0.127 0.071 - 0.227 0.312 0.321 2.00 0.341 0.341 0.028 0.034 0.0041 
10. 0.287 0.140 0.138 0.089 - 0.239 0.301 0.296 9.00 0.359 0.359 0.036 0.036 0.0055 
11. 0.589 0.224 0.174 0.196 0.165 0.437 0.419 0.452 18.29 0.629 0.629 0.066 0.063 0.0230 
12. 0.489 0.212 0.148 0.170 0.148 0.314 0.276 0.323 21.08 0.414 0.414 0.059 0.041 0.0153 
13. 0.557 0.230 0.208 0.224 #8 0.171 0.383 0.376 0.441 12.96 0.564 0.564 0.068 0.056 0.0267 
14. 0.692 0.195 0.206 0.204 ~=0.162 0.398 0.365 0.491 20.25 0.548 0.548 0.065 0.055 0.0278 
Id$ ‘01329 0.210 0.160 0.161 0.134 0.324 0.292 0.387 — 0.438 0.438 0.054 0.044 0.0111 
16. 0.639 0.170 0.154 0.198 0.158 0.436 0.347 0.581 15:21 0.521 0.521 0.063 0.052 0.0167 
17. 0.282 0.270 0.187 0.176 0.144 0.306 0.326 0.439 — 0.459 0.459 0.058 0.046 0.0142 
18. 0.245 0.183 0.145 0.143 0.104 0.272 0.262 0.418 8.58 0.393 0.393 0.042 0.039 0.0065 
19. 0.213 0.155 0.129 0.084 0.067 0.280 0.295 0.533 16.28 0.420 0.420 0.027 0.042 0.0043 
20. 0.198 0.159 0.134 OFI25 0.072 0.246 0.238 0.298 — 0.357 0.357 0.029 0.036 0.0042 
21 01202 0.177 0.136 0.140 0.096 0.216 0.222 0.297 — 0.324 0.324 0.038 0.032 0.0049 
22: ‘0:356 0.174 0.164 0.121 0.075 0.296 0.215 0.478 _ 0.323 0.323 0.030 0.032 0.0102 
23. 0.229 0.225 0.133 0.132 0.092 0.240 0.232 0.322 _ 0.348 0.348 0.037 0.035 0.0069 
24. 0.224 0.219 0.163 0.122 0.088 0.222 0.232 0.293 - 0.333 = 0.333 0.035 0.033 0.0080 
25. © 0.224"  Oul77 0.160 0.124 0.085 0.244 0.236 0.257 _ 0.354 0.354 0.034 0.035 0.0063 
26. 0.238 0.162 0.133 0.130 0.088 0.240 0.258 0.267 = 0.360 0.360 0.035 0.036 0.0051 
27. 0.292 0.215 0.167 0.166 0.114 0.283 0.280 0.308 — 0.420 0.420 0.046 0.042 0.0105 
28. 0.209 0.125 0.125 0.111 0.094 0.198 0.189 0.243 = 0.284 0.284 0.038 0.028 0.0033 
29) 10.220) 105122 0.113 0.106 0.084 0.223 0.203 0.268 20.58 0.305 0.305 0.034 0.031 0.0030 
30. 0.175 0.128 O.115 0.102 0.084 0.191 0.188 0.213 10.50 0.282 0.282 0.034 0.028 0.0026 
31. 0.229 0.138 0.119 0.111 0.087 0.220 0.241 0.269 11.50 0.330 0.330 0.035 0.033 0.0038 
32. 0.388 0.142 0.121 0.103 0.081 0.264 0.197 0.581 - 0.296 0.296 0.032 0.030 0.0067 
33. 0.379 0.213 0.206 0.154 0.112 0.400 0.246 0.829 11.58 0.369 0.369 0.045 0.037 0.0166 
34. 0.779 0.140 0.174 0.198 0.168 0.376 0.274 0.516 20.67 0.411 0.411 0.067 0.041 0.0190 
35. 0.536 0.198 0.189 0.220 0.164 0:377 0.291 0.479 12.67 0.437 0.437 0.066 0.044 0.0201 
36. 0.791 0.167 0.170 0.248 0.174 0.549 0.351 0.776 30.50 0.527 0.527 0.070 0.053 0.0225 
37. 0.695 0.336 0.128 0.135 OL125 0.233 0.190 0.366 Weg) 0.285 0.285 0.050 0.029 0.0299 
*In Minilya stvonella, there are also two /arge stylets per aperture 
ently resulted in colony dislocation. 
umn. Upright orientations are observed in nu- 4. Colony height above the sea floor was varied, 
merous zoaria preserved in situ. ranging in mature colonies from tens of mm to 
. Inferred dominant colony orientation extended in excess of 1 m in some species, with most 
perpendicular (across colony width) to primary common development from 2 to 20 cm in height. 
current direction, thus allowing the entire col- 5. Colony spacing across the sea floor appears to 


ony equal feeding opportunity. Colonies formed 
straight, anastomosing, obversely or reversely 
curved or cupped expansions. 


. Obverse colony surface was typically oriented 


down-current (away from direction of primary 
current), inferred from the significantly greater 
occurrence of preserved zoaria with obverse 
surface facing downward onto bed surfaces in 
areas where a single depositional event appar- 


minimize sheltering of colonies behind one an- 
other relative to current direction, as observed 
on Warsaw slab surfaces. 


B. Polypide feeding characteristics. 


Ne 


a 


Lophophores are considered to be symmetrical 
cones, opening upward (Winston, 1977). 

The lophophore gathers food selectively through 
combined tentacle and cilia activity (Bullivant, 
1968a; Strathmann, 1971, 1973) 
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PARAMETERS USED FOR DETERMINING NICHE 
DIFFERENTIATION IN WARSAW FENESTRATES 


In modifying Winston’s (1977) work to apply to Pa- 
leozoic fenestrates, autozooecial chamber dimensions 
are treated as being equal approximately to those of 
the polypide, as is the case in many modern bryozoan 
species (Winston, 1977, 1982). Length and width of 
the aperture can be determined in both living bryo- 
zoans and fossil fenestrates. Although number of ten- 
tacles per zooid can not be determined directly in fos- 
sils, apertural stylets, where present, are taken as 
indicators of tentacle number because they are typi- 
cally greatly consistent intraspecifically in number and 
size just as tentacles themselves are constant in modern 
bryozoans. 

Interpretation of niche or trophic differentiation 
among Warsaw fenestrates (or any other bryozoans) 
requires estimating approximate tentacle length, lo- 
phophore diameter, and mouth diameter. Lacking soft 
parts, an indirect means of approximating these di- 
mensions must be found in fossil bryozoans. Modern 
ascophoran cheilostomes offer a suitable analogue for 
the fenestrates. In both groups, there is a larger degree 
of intraspecific consistency in size and shape of both 
autozooecial chambers and apertures and a general reg- 
ularity of pattern to the zoaria (Winston, 1977). In my 
work, I observed that like the fenestrates, many as- 
cophoran cheilostome species exhibit equal aperture 
spacing over the zoarium surface, with apertures form- 
ing an even gridwork across the colony. This pattern 
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Text-figure 23.—Schematic illustration of the obverse zoarial sur- 
face of Cryptosula pallasiana (Moll, 1803), showing characters used 
for niche differentiation and lophophore feeding zones. Observe the 
almost complete coverage of the obverse surface by these feeding 
zones. Tentacle number = 16; tentacle length = 0.749 mm; lophop- 
hore diameter = 0.796 mm; zooecium length = 0.742 mm; zooecium 
width = 0.479 mm; orifice width = 0.188 mm; mouth diameter = 
0.069-0.047 mm; fecal pellet size = 0.080-0.127 mm; mean diagonal 
aperture spacing = 0.531 mm (most dimensions from Winston, 1977). 


suggests partitioning of the surface into individual 
zooecial feeding zones. Aperture spacing can vary ap- 
preciably between species, but does not vary substan- 
tially within most species of fenestrates and ascophor- 
an cheilostomes. 

Winston (1977) reported a size correlation between 
tentacle length, lophophore diameter, and diameter of 
the mouth. Tentacle length and lophophore diameter 
means were found to be approximately equal within 
any species, most lying within 10% to 20% of each 
other, with a maximum of +40%. The angle between 
tentacles and plane of obverse surface when the loph- 
ophore was extruded was not presented by Winston. 
Reapplying data from Winston’s study, mouth diam- 
eters are consistently found to measure approximately 
10% of the lophophore diameter. 

In an interpretation of Winston’s data, the regular 
ascophoran cheilostome species Cryptosula pallasiana 
is used herein to determine the relationship between 
aperture spacing across the zoarial surface, tentacle 
number, and lophophore diameter (Text-fig. 23). Spac- 
ing between aperture centers along and diagonally across 
the zoarial surface yields a range of from 0.395 mm to 
0.585 mm, with a mean value of 0.531 mm and a 
coefficient of variation of 10.48. This mean measure- 
ment corresponds closely to two-thirds of the mean 
lophophore diameter of 0.796 mm. Spacing of loph- 
ophores in a regular pattern over the obverse surface 
would seem most advantageous to the colony, as it 
would allow uniform tentacle coverage of the major 
portion of the zoarial obverse surface, resulting in ef- 
ficient use of food resources. Partitioning of the obverse 
surface into evenly divided, uniformly positioned feed- 
ing areas for each lophophore of C. pallasiana 1s il- 
lustrated in Text-figure 23. 

Based on the analysis of C. pallasiana and other data 
from Winston’s works, the following conclusions con- 
cerning soft part dimensions and their relationship to 
preservable skeletal features are drawn: 


1. Tentacle length and lophophore diameter typically 
approximate each other (within + 10% to 20%). Fol- 
lowing Winston, the lophophore is a symmetrical, 
conically shaped feeding organ with the mouth po- 
sitioned at the tip of the cone. 

. Mean spacing of closest aperture centers across the 
obverse zoarial surface 1s approximately two-thirds 
the mean lophophore diameters, or lophophore di- 
ameter equals 1.5 times closest aperture spacing 
(based on analysis of C. pallasiana). 

3. Diameter of the mouth can be determined two ways: 
(a) +10% of the measure of the lophophore diam- 
eter; and (b) approximately 40% of the width of the 
orifice (aperture). 

4. A direct relationship is observed between lopho- 
phore and mouth diameter in modern Bryozoa (Win- 


i) 
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ston, 1977, p. 247, fig. 4). Chamber volume (cal- 
culated from Winston, 1977, table 1) is found also 
to increase proportionally to lophophore and mouth 
diameter. 


The above relationships provide a means by which 
the probable soft part dimensions can be calculated 
(.e., tentacle length and lophophore and mouth di- 
ameter) for fossils from skeletal dimensions. Once mean 
spacing of closest apertures is found, this is multiplied 
by 1.5 to determine lophophore diameter, which in 
turn approximates (+ 10% to 20%) the tentacle length. 
Mouth diameter can next be determined as approxi- 
mately + 10% of the lophophore diameter and checked 
by comparing this measurement with 40% of that of 
the orifice (aperture) width. These two measurements 
should be equal approximately. 

Interpreted lophophore feeding zones for Banastella 
guensburgi, a Warsaw fenestrate species exhibiting 
moderately uniform aperture spacing are illustrated in 
Text-figure 24. Spacing of aperture centers along, across, 
and between branches gives a range of 0.320 to 0.660 
mm, with mean values quite similar, ranging from 
0.419 to 0.452 mm, and standard deviations of 11.98 
to 18.83. If lophophore diameter in B. guensburgi were 
1.5 < mean aperture spacing (as in C. pallasiana), then 
coverage of the obverse surface would have been rel- 
atively complete (Text-fig. 24). 

Text-figure 25 shows mean ranges of aperture spac- 
ing along, across, and between branches across the fe- 
nestrule in Warsaw fenestrate species. The pronounced 
similarities in all three dimensions for most species of 
meshwork fenestrates are considered important to my 
hypothesis: they are considered to reflect colony in- 
tegration for feeding purposes. Such integration is not 
a new idea, but has been developed in works of nu- 
merous authors for both recent and fossil Bryozoa 
(Banta, McKinney, and Zimmer, 1974; McKinney, 
1977; Cook, 1977; Winston, 1978). More open mesh- 
work in some species produces anomalously large spac- 
ings between branches across the fenestrule relative to 
spacings along and across the branch, due to wider 
branch spacings. This might reflect response to currents 
or even lack thereof, although this is a tenuous hy- 
pothesis. 


POSSIBLE NICHE DIFFERENTIATION IN WARSAW 
FENESTRATE BRYOZOA 


Interspecific variation in tentacle number, lopho- 
phore size, and mouth size are criteria used to indicate, 
probably, the separation of trophic resources in mod- 
ern cheilostomes. Such criteria can be also applied to 
meshwork fenestrates for recognition of niche parti- 
tioning. 

In modern bryozoans a direct relationship has been 


observed between orifice (aperture) diameter and mouth 
diameter, as has a relationship between mouth and 
lophophore diameters. Text-figure 26 illustrates in- 
ferred mouth diameter (based on 40% minimum ap- 
erture dimension) plotted against lophophore diameter 
(calculated from 1.5 x the closest aperture spacing 
across the zoarial surface) for Warsaw meshwork fe- 
nestrates. Arithmetic means of characters are used for 
interpreting soft-part dimensions; use of character 
ranges in these interpretations is deemed unnecessary 
due to their extremely low coefficients of variation and 
consequently low ranges. (Character ranges and coef- 
ficients of variation are given for all respective species 
in section on systematics.) From Text-figure 26D, a 
grouping of species occur in the range of the range of 
0.025 to 0.040 mm mouth diameter and 0.259 to 0.400 
mm lophophore diameter. The remaining species, with 
the exception of a few anomalies, plot in a linear man- 
ner, showing that species with inferred larger mouth 
sizes typically have inferred larger lophophores. Win- 
ston (1977) observed similar distribution of mouth size 
versus lophophore diameter in modern species, and 
suggested larger mouth and lophophore sizes for spe- 
cies indicates the ability to exploit larger size food 
particles. 

Text-figure 26A—C shows plots of species restricted 
to the northern, occurring throughout, and restricted 
to the southern parts of the study area, respectively. 
Similarities in values observed in Text-figures 26A and 
26C suggest species replacement between the northern 
and southern areas, thus suggesting similar niches. Spe- 


lophophore feeding 
zone 


aperture (orifice) 
branch 


dissepiment —  \ 


fenestrule 


Text-figure 24.—Schematic illustration of the obverse surface of 
Banastella guensburgi, n. sp., Showing characters used to infer niche 
differentiation and possible positioning of lophophore feeding zones. 
Such zones form a moderately even, overlapping covering of the 
obverse zoarial surface in most meshwork fenestrate species. Ten- 
tacle number = 18; tentacle length = 0.629 mm; lophophore di- 
ameter = 0.629 mm; zooecium length = 0.589 mm; zooecium depth 
= 0.224 mm; zooecium width = 0.174 mm; zooecial volume = 0.023 
mm}; aperture (orifice) length = 0.196 mm; aperture (orifice) width 
= 0.165 mm; mouth diameter (10% of lophophore diameter) = 0.063 
mm; mouth diameter (40% of aperture width) = 0.066 mm; aperture 
spacing along branch = 0.437 mm; aperture spacing across branch 
= 0.419 mm; aperture spacing between branches = 0.452 mm. 
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cies might possess slightly larger lophophore diameters 
relative to mouth size in the southern area. 

In some species of fenestrates, stylets surround the 
autozooecial aperture. Based on their largely consistent 
interspecific number, size, and positioning, these sty- 
lets are interpreted as tentacle guides, with their num- 
ber equal to or closely approximating the number of 
tentacles. Text-figure 27 illustrates calculated tentacle 
number plotted against inferred tentacle length, herein 
considered approximately equal to the lophophore di- 
ameter (see above). As inferred tentacle count increas- 
es, so does inferred tentacle length in many extant 
species, although this relationship is not as clear as that 
between mouth and lophophore diameters. 

A general similarity between Text-figures 27A and 
27C again suggests species replacement between the 
northern and southern areas, although data points are 
relatively few. 


Table 50 and Text-figure 28 show clearance rate cal- 
culated for all Warsaw meshwork fenestrates (per 
Strathmann, 1973; see above), along with parameters 
used in clearance rate determination and calculated 
chamber volume. 

If chamber volume indeed approximates polypide 
dimensions, assuming similar interspecific metabolic 
rates, an increase in calculated clearance rate should 
be proportional to increased chamber volume. AI- 
though an anomalous reading is given by species num- 
ber 37, a general increase in chamber volume is as- 
sociated with increased calculated rates, and 
presumably ability of polypide to gather food. 

Twenty of the 37 Warsaw species do not possess 
apertural stylets and thus do not lend themselves to 
calculation of inferred clearance rates. The relationship 
of increased clearance rates to increases in chamber 
volume allows additional interpretations to be made 


RANGE OF APERTURE SPACINGS 


ASSIGNED SPECIES NUMBER 


Text-figure 25.—Range of aperture spacing over obverse zoarial surface for Warsaw meshwork fenestrates. A = spacing along branch; B = 
spacing across branch; C = spacing between branches across fenestrule. The more nearly equal all three spacings are, the more even the feeding 
grid developed across the zoarial obverse surface by the lophophores. Measurements A and B more commonly approach each other than do 
measurements of C. Trivial names corresponding to assigned species number are given in Table 47. 
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on species both with stylets and without. Following the 
observations presented in previous paragraphs, as 
chamber volume increases and therefore a larger poly- 
pide occupies the chamber, an increase in mouth and 
lophophore diameter is expected. 

Text-figures 29 and 30 plot calculated mouth di- 
ameter (based on 0.4 * aperture minimum dimension) 
and calculated lophophore diameter (based on 1.5 x 
closest aperture spacing), respectively, against auto- 
zooecial chamber volume. In Text-figure 29, a group- 
ing of inferred mouth diameters between 0.025 and 
0.040 mm is found at chamber volumes of between 
0.0025 and 0.0080 mm}, with the remainder exhibiting 
steady increase of inferred mouth diameter (0.4 = ap- 
erture minimum dimension) and corresponding cham- 
ber volumes. Text-figure 30 exhibits a grouping of 
inferred lophophore diameters in the lower chamber- 
volume ranges, between 0.0025 and 0.0080 mm‘*, with 
a steady increase in inferred lophophore diameter (1.5 
x closest aperture spacing) corresponding to increasing 
chamber volumes. Correspondence of species exhib- 
iting increases in both apparent mouth diameter (/.e., 
aperture size) and inferred lophophore diameter (1.e., 
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aperture spacing) with increase in chamber volume is 
extremely good, fitting the observation in modern spe- 
cies that increase in lophophore and mouth diameter 
occur together. Text-figures 29A and 29C exhibit sim- 
ilar patterns resulting from similar niche placement of 
different species between the northern and southern 
areas, as do Text-figures 30A and 30C. Trends in spe- 
cies character of this type suggest niche replacement 
by species in essentially the same community between 
the northern and southern parts of the study area. Al- 
though species composition of the community has 
changed, niche positioning within the community does 
not appear to have changed appreciably. 

Within the Warsaw’s meshwork fenestrate domi- 
nated communities, niche differentiation could have 
occurred on two levels: 


1. Position within the physical environment, including 
both height above the sea floor and location relative 
to direction of current flow. Ausich (1978, 1980) 
considered height above the sea floor to be significant 
in Mississippian crinoid niche differentiation. Height 
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Text-figure 26.— Relationship of mouth diameter (calculated as 40% of minimum aperture diameter) to lophophore diameter (calculated as 
1.5 * closest aperture spacing) for Warsaw meshwork fenestrates. The general trend of increased mouth diameter appears as a function of 
increased lophophore diameter in most species. Species numbers correspond to those on Table 47, which also shows their names. A, species 
occurring only in the northern half of the study area (species numbers enclosed by A); B, species occurring throughout the study area (species 
numbers enclosed by ©); C, species occurring only in the southern half of the study area (species numbers enclosed by 0); D, all species. 
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is of more minor significance among the Warsaw 
fenestrates as zooecia are of uniform size throughout 
the zoarium, and thus do not exhibit the vertical 
stratification suggested by Ausich for the crinoids. 
. Competition for available food resources. Food size 
selection, considered secondary by Ausich in crinoid 
communities, is herein considered the dominant 
means of trophic structuring in Warsaw fenestrate 
communities. 


i) 


Among modern suspension-feeding assemblages, 
trophic structuring is suggested by broad interspecific 
variation among organisms dependent on a common 
food supply (Winston, 1977), consisting of phyto- 
plankton varying in size but generally under 50 um in 
diameter. Further, increased food-gathering capabili- 
ties and ability to assimilate larger size food particles 
in modern species are associated with larger individual 
polypides and their enclosing zooecium. 

Zoaria of different Warsaw species exhibiting simi- 
larity in some physical characteristics (/.e., height, 
width, robustness, and — as can best be determined 
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— orientation to each other and to current direction) 
express pronounced differences in zooecial skeletal di- 
mensions and shapes, which suggests different polypide 
sizes and/or shapes. Zooecia with larger chamber di- 
mensions are associated with characters interpreted to 
allow the individual greater food gathering capability; 
such increased capability is directly related to the abil- 
ity of the individual polypide to assimilate larger size 
food particles in modern species. Consequently, par- 
titioning of resources based on food particle size ap- 
pears to have occurred in Warsaw meshwork fenes- 
trates. 

Where taxa of similar zooecial morphologies are 
sympatric, differences such as behavior with regard to 
suspended particles, feeding height, and positioning 
across the sea floor relative to current direction could 
have been significant. Understanding what effects these 
differences could produce on niche differentiation in 
modern bryozoans might allow their use as an analogue 
for fossils; however, such studies have not been un- 
dertaken. 

Schoener (1974) observed that although species sim- 
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Text-figure 27.—Relationship between tentacle length (= lophophore diameter) and tentacle number (= number of apertural stylets) for the 
17 species of Warsaw meshwork fenestrates that bear apertural stylets. Species numbers correspond to those in Table 47, which also shows 
their names. A, species occurring only in the northern half of the study area (species numbers enclosed by A); B, species occurring throughout 
the study area (species numbers enclosed by ©); C, species occurring only in the southern half of the study area (species numbers enclosed by 


QO); D, all 17 species. 
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ilarities exist in one of several dimensions, dissimilar- 
ities can and frequently do exist in others. Although 
height above the sea floor and orientation to direction 
of currents are observed in some individuals and ap- 
pear significant to niche differentiation, the difficulty 
in gathering precise data which yield significant con- 
fidence in their application to a species population pro- 
hibits use of this in any but a broad sense. 


CONCLUSIONS 


Winston (1977) demonstrated that bryozoan species 
within a fauna specialize in food based on particle size, 
with a correlation between particle size and mouth size. 
Mouth dimension is considered critical by Winston in 
determining niche differentiation. Clearance rate (based 
on tentacle length and tentacle number), when consid- 
ered in conjunction with lophophore diameter and 
zooecial character (predominantly dimensions), were 
proposed to be factors in partitioning of resources by 
different modern species. From Winston’s work, in- 
creased clearance rate is associated with increased 
mouth and lophophore diameters, which in turn occur 
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in conjunction with increased chamber volume in 
modern species. Intraspecific consistency of the above 
features is great; however, great interspecific variability 
commonly exists, suggesting trophic structuring. Fur- 
ther, consistent trends of increased polypide size and 
clearance rate associated with increased mouth size 
and thus increased size of food particle assimilable 
indicate that polypide size and clearance rate are pa- 
rameters also worth considering when determining 
possible niche differentiation between modern species. 

Parameters applied to modern species can be inter- 
preted for Paleozoic meshwork fenestrates in the fol- 
lowing manner, based on analysis of and comparison 
to modern cheilostomes: 


1. mouth diameter = 0.4 X minimum aperture di- 
mensions or 0.1 = lophophore diameter. 

2. lophophore diameter = 1.5 x closest aperture spac- 

ing across the zoarial surface. 

. tentacle length ~ lophophore diameter. 

. polypide size ~ autozooecial chamber volume. 

5. tentacle number = number apertural stylets (where 
present). 
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Text-figure 28.— Relationship of maximum clearance rate and chamber volume for the 17 species of Warsaw meshwork fenestrates in which 
number of tentacles can be indirectly determined. Observe the moderately good correlation between chamber volume and clearance rate in 
the species analyzed. Species numbers correspond to those shown in Table 47, which also shows their names. A, species occurring only in the 
northern half of the study area (species numbers enclosed by A); B, species occurring throughout the study area (species numbers enclosed by 
(O); C, species occurring only in the southern half of the study area (species numbers enclosed by 1); D, all 17 species. 
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Table 50.—Calculated tentacle lengths, clearance rates, and cham- 
ber volumes for species with determinable tentacle numbers, in order 
of increasing chamber volume. Explanations of species numbers are 
shown in Table 47. 


maximum 


clearance 
tentacle rate chamber 
species tentacle length (ml/ volume 
number number (cm) hr/zooid) (mm+) 
1 6.42 0.0347 0.31 0.0019 
A) 4.33 0.0345 0.21 0.0024 
30 10.50 0.0282 0.41 0.0026 
29 20.58 0.0305 0.88 0.0030 
31 11.50 0.0330 0.53 0.0038 
9 2.00 0.0341 0.10 0.0041 
19 16.28 0.0420 0.96 0.0043 
10 9.00 0.0359 0.45 0.0055 
18 8.58 0.0393 0.47 0.0065 
8 10.42 0.0569 0.83 0.0081 
12 21.08 0.0414 1-22 0.0153 
33 11.58 0.0369 0.60 0.0166 
16 15.21 0.0521 Ei 0.0167 
34 20.67 0.0411 1.19 0.0190 
35 12.67 0.0437 0.78 0.0201 
36 30.50 0.0527 225, 0.0225 
11 18.29 0.0629 1.61 0.0230 
13 12.96 0.0564 1.02 0.0267 
14 20.25 0.0548 1.55 0.0278 
37 UES 0.0285 0.31 0.0299 
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The same proportional size increases present in 
modern species are observed in Warsaw meshwork 
fenestrates, and thus based on these calculations, tro- 
phic structuring appears to have existed among these 
fossils. Predominance of a single group of organisms, 
in this case meshwork fenestrates, using similar food 
sizes at a time when predation levels were presumed 
small, sugests interspecific competition for food re- 
sources leading to niche differentiation. 

The difficulties biologists experience in defining in- 
terspecific competition and niche differentiation in 
modern organisms are numerous and varied (Schoe- 
ner, 1974), contain many unresolved areas, and thus 
suggest even greater problems and pitfalls for the pa- 
leontologist. However, exceptionally well-preserved 
materials, such as those found in the Warsaw, can pro- 
vide unexpected insight into the history of ecologic 
dynamics. 


APPENDIX A 


DESCRIPTIONS OF WARSAW FORMATION SAMPLED 
OUTCROPS AND LOCALITIES 


Columnar sections for some localities are included 
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Text-figure 29.—Relationship between inferred mouth diameter and calculated chamber volume for some Warsaw meshwork fenestrates. 
Species numbers correspond to those shown in Table 47, which also gives their names. A, species occurring only in the northern half of the 
study area (species numbers enclosed by A); B, species occurring throughout the study area (species numbers enclosed by ©); C, species 
occurring only in the southern half of the study area (species numbers enclosed by (1); D, all species. 
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as Appendix B; these sections were used for analysis 
of faunal occurrence. Brief lithologic descriptions are 
provided here for sections not so illustrated. 


1. Augusta Northwest. W 2 NE 4, sec. 8, T. 69 N., R. 4 W., Des 
Moines County, Iowa (no quadrangle map available at time of study). 
Section described by Harris and Parker (1964), exposed on north 
side of dirt road approximately 4 mi west of Augusta, Iowa. Mea- 
sured from stream base and correlated with road cut following re- 
sistant bed connecting the two. Exposure consists of 7’ Keokuk (cherty, 
crinoidal, and bryozoan biocalcarenite interbedded with thin shale) 
conformably overlain by 24’ Warsaw (fossiliferous argillaceous shale 
and thin calcarenitic beds containing abundant bryozoan skeletal 
debris). Keokuk—Warsaw contact picked on change in lithology from 
moderately massive calcarenite to predominantly argillaceous shale 
with calcarenite interbeds. Exposure moderately overgrown and fos- 
sils leached. Possibly 14” overgrown and very poorly preserved So- 
nora (Spergen) unconformably overlying Warsaw. Sonora a cross- 
bedded calcareous sandstone. 

2. Bentonsport, Iowa. SE “% SE “4, sec. 35, T. 69 N., R. 9 W., Van 
Buren County, Iowa. Bonaparte Quadrangle, 1:24,000; 1968. From 
downtown Bentonsport, proceed two blocks northwest, then right 
and proceed four blocks northeast. Section measured exposed in 
ditch along east side of road cut toward top of hill. Exposure consists 
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of 14’ Keokuk (fairly massive, crinoidal calcarenite) conformably 
overlain by approximately 6’ of Warsaw (interbedded lenticular 
bryozoan calcarenite with argillaceous shale). Keokuk—Warsaw con- 
tact picked on lithologic change from crinoidal calcarenite to lentic- 
ular bryozoan calcarenite interbedded with argillaceous shale. Ex- 
posure fresh, fossils well-preserved and moderately abundant. See 
columnar section on p. 177. 

3. Lacy Keosauqua. N '2 SW '4, sec. 1, T. 68 N., R. 10 W., Van 
Buren County, Iowa. Keosauqua Quadrangle, 1:24,000; 1968. Two 
large, and numerous smaller exposures along main road leading into 
Lacy Keosauqua Park. Exposures measured: (1) 0.7 mi in from park 
entrance along small stream valley on north side of road. Exposed 
is 5'2” calcareous, unfossiliferous shale (Warsaw) unconformably 
overlain by 16’ cross-bedded calcareous sandstone (Sonora); (2) 150 
yards downstream from first exposure is found 11'8” of unfossili- 
ferous calcareous shale (Warsaw) containing small amounts of chert 
unconformably overlain by 2’4” of cross-bedded calcareous sand- 
stone (Sonora). Relative thicknesses of both formations vary con- 
siderably laterally due to the unconformable boundary between them. 
Warsaw-Sonora contact picked on abrupt lithologic change from 
unfossiliferous calcareous shale to cross-bedded calcareous sand- 
stone. Exposure well-weathered and partly overgrown in stream cut. 

4. Niota, Illinois. E. % NW '4, sec. 17, T. 7 N., R. 8 W., Hancock 
County, Illinois. Niota Quadrangle, 1:24,000, 1964. Section exposed 
along west bank of stream valley on road southeast of Niota, Illinois. 
Measured section starts 50’ upstream from power lines crossing road 
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Text-figure 30.—Relationship between lophophore diameter and chamber volume for some Warsaw meshwork fenestrates. As with mouth 
diameter, an increase in lophophore diameter is normally observed with increased chamber volumes. Species numbers correspond to those 
shown in Table 47, which also gives their names. A, species occurring only in the northern half of the study area (species numbers enclosed 
by ; 4); B, species occurring throughout the study area (species numbers enclosed by O); C, species occurring only in the southern half of the 


study area (species numbers enclosed by (0); D, all species. 
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and extending up stream valley for approximately 2 mi. Exposure 
consists of 42’ Warsaw (unfossiliferous to locally fossiliferous cal- 
careous and argillaceous shale interbedded and locally containing 
abundant small geodes) conformably overlain by 6’ Spergen (massive 
laminated and cross-bedded silty dolostone probably representing 
channel deposits and silty calcareous shale) unconformably overlain 
by thin conglomeratic zone consisting of Spergen and St. Louis lithic 
clasts, topped by approximately 2’ of bedded St. Louis Limestone. 
Contacts picked on the lithic changes described above. Although 
exposure moderately fresh where cut by stream, fossils are highly 
leached and poorly preserved. 

5. Iowa Terminal. NW 4 SW 4, sec. 19, T. 66 N., R. 5 W., Lee 
County, Iowa. Keokuk Quadrangle, 1:24,000; 1964. Section expo- 
sure along railroad tracks and roadway cut in cliff along Mississippi 
River for grain terminal. Section measurement starting 150 yards 
south of road crossing railroad tracks; measurements carried to ex- 
cellent exposure in cliff along roadcut to the south side of the road. 
Exposure consists of 1534’ of Keokuk (cherty, crinoidal biocalcar- 
enite) conformably overlain by 52!’ of Warsaw (bryozoan biocal- 
carenite interbedded with argillaceous shale and thick accumulations 
of argillaceous shale locally containing dolomitic and geodiferous 
zones) conformably overlain by 8’ of Sonora (massive lamellar and 
cross-bedded calcareous sandstone with thin shale interbeds), which 
is in turn overlain unconformably by highly weathered St. Louis 
Limestone (calcilutite varying in thickness from 2’ to 23’). Keokuk— 
Warsaw contact picked on pronounced increase in argillaceous shale 
(dominant over calcarenites, which characterize the Keokuk). War- 
saw-Sonora and Sonora-St. Louis contacts picked on abrupt litho- 
logic changes and unconformable nature of the contacts. Exposure 
very fresh, highly fossiliferous, with skeletal debris generally well- 
preserved; excellent outcrop. See columnar section on p. 177. 

6. Keokuk Industral. SW %4 NW 4, sec. 35, T. 65 N., R.5 W., 
Lee County, Iowa. Keokuk Quadrangle, 1:24,000; 1964. Good ex- 
posures of Keokuk and Warsaw west of river road along Keokuk 
industrial area. Section measured directly across from Foote Mineral 
Co., approximately 100’ north of transformers on west side of road 
south of main entrance to Foote. Exposure consists of 211’ Keokuk 
(cherty, crinoidal biocalcarenite interbedded with thin beds of bryo- 
zoan fossiliferous argillaceous shale) conformably overlain by 29.3’ 
of Warsaw (bryozoan fossiliferous argillaceous shale, calcareous fos- 
siliferous shale, and thin beds of fossiliferous biocalcarenite). Keo- 
kuk—Warsaw contact picked where argillaceous shale becomes dom- 
inant lithic component. Exposure fresh, with fossils both abundant 
and well-preserved. See columnar section on p. 177. 

7. White Hollow. NW 4 SE 4, sec. 26, T. 65 N., R. 5 W., Lee 
County, lowa. Keokuk Quadrangle, 1:24,000; 1964. Good exposure 
of Warsaw on north side of streamcut approximately 2 mi upstream 
from its joining with the Mississippi River. Consists of 32’ argilla- 
ceous shale, calcarenite, and calcilutite containing geodes and cherty 
lenses on the bottom of the exposure overlain by 11’ of fossiliferous 
calcarenite and argillaceous shale. Exposure moderately fresh, con- 
taining abundant, although frequently slightly leached, fauna toward 
the top. See columnar section on p. 178. 

8. Keokuk West. SE % NE %, sec. 33, T. 65 N., R. 5 W., Lee Coun- 
ty, Iowa. Keokuk Quadrangle, Illinois-lowa—Missouri, 1:24,000; 
1964. Partially overgrown exposure of Warsaw in roadcut on west 
side of U. S. Highway 61 at north end of Des Moines River bridge. 
Exposure consists of 24’ of geodiferous shale interbedded with ar- 
gillaceous dolomite and calcarenite. 

9. Grays Quarry. SW % NE ', sec. 31, T. 5 N., R. 8 W., Hancock 
County, Illinois. Hamilton Quadrangle, 1:24,000; 1964. Measured 
section taken in northeastmost corner of quarry along road leading 
up north quarry face; measurement started approximately 5’ below 
Keokuk—Warsaw contact, however, over 80’ of Keokuk is exposed 
in the quarry. Warsaw consists of 3934’ of predominantly unfossi- 
liferous, geodiferous argillaceous dolomicrite, micrite, calcarenite, 
and shale. A small number of bryozoan fragments are observed in 


thinly bedded calcarenite present toward the top of the measured 
section. Keokuk—Warsaw contact picked where massive calcarenite 
is conformably overlain by argillaceous geodiferous dolomicrite. Ex- 
posure is very fresh, but fossil fragments are frequently leached and 
poorly preserved. See columnar section on p. 178. 

10. Hamilton—Warsaw Roadcut. S '2 NE 4, sec. 2,T. 4.N., R. 9 W., 
Hancock County, Illinois. Warsaw Quadrangle, 1:24,000; 1964. Ex- 
cellent exposure of Keokuk and Warsaw on east side of Hamilton— 
Warsaw road, extending along road uphill from stream valley to 
entrance to Kibbe Station. Exposure consists of over 80’ of Keokuk 
conformably overlain by Warsaw. Measured section includes upper 
18’ of Keokuk (massive cherty biocalcarenite) overlain by approx- 
imately 38’ Warsaw (argillaceous fossiliferous and unfossiliferous 
shale with thin beds and lenses of highly bryozoaniferous biocal- 
carenite). Keokuk—Warsaw contact picked where change in domi- 
nant lithic type from cherty biocalcarenite to argillaceous shale oc- 
curs. Exposure moderately fresh along roadcut, with fossils well- 
preserved and abundant, but large spalled slabs atop shale starting 
to cover lower shale. See columnar section on p. 179. 

11. Geode Glen (type section of the Warsaw). SE 4, sec. 4, NE “4 
NE 4, sec. 9,and NW ‘4s, sec. 10, T. 4 N., R. 9 W., Hancock County, 
Illinois. Warsaw Quadrangle, 1:24,000; 1964. Warsaw, Sonora, and 
St. Louis formations exposed in stream valley (Geode Glen) at north 
edge of Warsaw, extending upstream to south side of highway. War- 
saw at this locality informally divided into lower and upper members 
by Ulrich (1890); such a division does not appear appropriate and 
is not followed herein. Exposure consists of 74’ Warsaw (bottom 40’ 
argillaceous geodiferous dolomicrite occurring in moderately thick 
beds interbedded with dolomitic argillaceous shale; upper 34’ con- 
sists of fossiliferous argillaceous shale with beds of fossiliferous bio- 
calcarenite and argillaceous biocalcarenite), unconformably overlain 
by 5.3’ Sonora (massive biocalcarenite) which is unconformably 
overlain by 3.3’ St. Louis (massive cherty micrite, locally brecciated). 
Warsaw-Sonora-St. Louis contacts picked on lithic changes and 
unconformable surfaces. Moderately well-exposed outcrop; how- 
ever, beds had to be correlated upstream for continuity of section. 
Fossil fragments well-preserved in upper 34’ of Warsaw. See colum- 
nar section on p. 179. 

12. Warsaw East. SW “4 NW '4, sec. 4, T. 4 N., R. 9 W., Hancock 
County, Illinois. Warsaw Quadrangle, 1:24,000; 1964. Exposure on 
east side of Hamilton—Warsaw road approximately 2 mi east of 
Warsaw. Exposure consists of 40’ Warsaw; bottom 20’ argillaceous 
dolomicrite and shale, becoming increasingly fossiliferous toward 
top of upper 20’ of section, with lithology consisting of fossiliferous 
argillaceous shale and thin fossiliferous biocalcarenitic beds and lens- 
es. At very top of section occur several beds that appear to be chan- 
nel-fill deposits. Exposure moderately fresh along roadcut, but much 
of the fossil material is leached and poorly preserved. 

13. Soap Factory Hollow. SE “4, sec. 16, T. 4 N., R. 9 W., Hancock 
County, Illinois. Warsaw Quadrangle, 1:24,000; 1964. Exposure of 
Keokuk and Warsaw in stream valley ' mi south of Warsaw. Section 
started just upstream from farm house at end of dirt road, measured 
upstream. Exposure consists of 31’ of Keokuk (massive to medium- 
thick beds of fossiliferous cherty biocalcarenite with argillaceous 
shale interbeds) conformably overlain by 19.3’ Warsaw (fossiliferous 
biocalcarenitic thin beds and lenses in argillaceous shale; number of 
fossil fragments reduced, geodes in shale toward top of section). 
Keokuk—Warsaw contact picked where overlying shale becomes the 
dominant lithic component relative to the cherty biocalcarenite typ- 
ical of the underlying Keokuk. Exposure highly weathered, occurring 
in bottom of stream valley; hand-level required to correlate beds 
upstream. See columnar section on p. 180. 

14. Buel Branch. NE 4 SW ‘4, sec. 13, T. 2. N., R. 9 W., Adams 
County, Illinois. Mendon Quadrangle, 1:62,500; 1946. Good ex- 
posure on north side of road following Buel Branch to the Mississippi 
flood plain. Exposure consists of 7.7’ of Keokuk (massive cherty 
biocalcarenite) conformably overlain by 14.9’ of Warsaw (argilla- 
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ceous and calcareous shale with fossiliferous biocalcarenitic beds). 
Keokuk—Warsaw contact picked on break in lithic type from massive 
cherty biocalcarenite to predominantly shale. Moderately fresh ex- 
posure in roadcut, fossil fragments fairly well-preserved. See colum- 
nar section on p. 180. 

15. Sand Branch. SW 4 NW ‘4, sec. 28, T. 1 N., R. 8 W., Adams 
County, Illinois. Mendon Quadrangle, 1:62,500; 1946. Exposure of 
Salem and Warsaw in abandoned quarry along Sand Branch Creek. 
Section measured in middle of south quarry face. Exposure consists 
of 17.9’ of typical Salem (massive laminated and cross-bedded bio- 
calcarenite) conformably overlain by and interbedded with 5’ of 
typical Warsaw (fossiliferous argillaceous shale with thin lenses of 
biocalcarenite). This section gives no appearance of being over- 
turned, and is an example of contemporaneous nature of Salem 
(Sonora) and Warsaw deposition in the northern part of the study 
area. Salem—Warsaw contact is picked on break in lithic type from 
massive biocalcarenite to fossiliferous shale. Exposure partially over- 
grown; however, fossils found in the Warsaw are complete with 
excellent preservation of fine detail. See columnar section on p. 180. 

16. La Grange. E '/2SW "4, sec. 35, T. 61 N., R. 6 W., Lewis Coun- 
ty, Missouri. La Grange Quadrangle, 1:24,000; 1950. Good exposure 
of Keokuk, Warsaw, and Salem in roadcut '2 mi west of U. S. High- 
way 61; section measured on east side of highway. Exposure consists 
of 1534’ Keokuk (moderately massive fossiliferous cherty biocalcar- 
enite with thin argillaceous shale interbeds) conformably overlain 
by 22%’ of Warsaw (locally fossiliferous argillaceous shale and cal- 
careous shale, both with thin dolomicritic lenses), which is uncon- 
formably overlain by 6.9’ of Salem (massive lamellar and cross- 
bedded cherty and silty dolocalcarenite). Keokuk—Warsaw contact 
is picked on change in lithic type from cherty biocalcarenite to pre- 
dominantly argillaceous shale. Warsaw-Salem contact is based on 
lithic change from argillaceous shale to dolocalcarenite. Roadcut 
probably 20 years old, moderately weathered. Fossil debris frequent- 
ly highly leached and poorly preserved. See columnar section on p. 
181. 

17. Canton, Missouri — A. SE 4 NE 4, sec. 36, T. 62 N., R. 6 W., 
Lewis County, Missouri. La Grange Quadrangle, 1:24,000; 1950. 
Section measured in roadcut | mi south of Canton exit on U.S. 
Highway 61, exposed on east side of road. Exposure consists of 12.2’ 
of Keokuk (cherty fossiliferous biocalcarenite) conformably overlain 
by 3.2’ of Warsaw (argillaceous shale and dolocalcarenite). Keokuk— 
Warsaw contact picked on lithic change from biocalcarenite to pre- 
dominantly shale and dolocalcarenite. Best exposed of Canton out- 
crops, containing moderately well-preserved fossil fragments. 

18. Canton, Missouri—B. NW 4 NE 4, sec. 33, T. 62 N., R. 6 W., 
Lewis County, Missouri. La Grange Quadrangle, 1:24,000; 1950. 
Section measured in roadcut | mi south of Canton exit on U.S. 
Highway 61, exposed on east side of road. Exposure consists of 7.8’ 
of Keokuk (cherty fossiliferous biocalcarenite) conformably overlain 
by 2.4’ of Warsaw (argillaceous shale and dolocalcarenite). Keokuk— 
Warsaw contact picked on lithic change from biocalcarenite to pre- 
dominantly shale. Although a partially overgrown and moderately 
old exposure, fossil fragments are well-preserved. 

19. Canton, Missouri—C. NW 4 SE 4, sec. 33, T. 62 N., R. 4 W., 
Lewis County, Missouri. La Grange Quadrangle, 1:24,000; 1950. 
Section measured in roadcut on east side of U. S. Highway 61, 1.4 
mi south of Canton exit. Exposure consists of 3.3’ of Keokuk (cherty 
biocalcarenite with thin shale interbeds) conformably overlain by 
23.7’ of Warsaw (geodiferous unfossiliferous argillaceous and cal- 
careous shales), which is unconformably overlain by 3’ of Salem 
(massive fossiliferous cross-bedded biocalcarenite). Keokuk—War- 
saw contact based on lithic change from cherty biocalcarenite to 
geodiferous argillaceous and calcareous shale. Warsaw-Salem con- 
tact picked on unconformable break between the shale and massive 
cross-bedded biocalcarenite. Exposure moderately well-weathered 
and overgrown, with some Warsaw shale covered. 


20. Mount Sterling. NE %4 SE “4, sec. 24, T. 2S., R. 4 W., Brown 
County, Illinois. Mount Sterling Quadrangle, 1:62,5000; 1926. Ex- 
cellent section of Warsaw 200 yards upstream from bridge crossing 
McKee Creek. Exposure consists of 23.6’ of Warsaw (fossiliferous 
argillaceous shale with biocalcarenitic beds toward bottom and lens- 
es toward top of section). Shale and biocalcarenitic beds and lenses 
contain abundant and extremely well-preserved bryozoan fossils. 
Exposure in cut bank of stream and although fresh, the upper shale 
is covering the lower calcarenitic beds in many places. See columnar 
section on p. 181. 

21. McKee Creek. Middle SE '4, sec. 19, T. 2S., R. 3 W., Brown 
County, Illinois. Mount Sterling Quadrangle, 1:62,500; 1926. Ex- 
posure in bank of small stream south of and emptying into McKee 
Creek, section measured upstream. Warsaw and Salem interdigitat- 
ing at this locality (all grouped under Warsaw in section). Exposure 
consists of 9.9’ of Warsaw (calcareous argillaceous shale) uncon- 
formably overlain by 8.7’ of Salem (fossiliferous cross-bedded bio- 
calcarenite) conformably overlain by 7.7’ of Warsaw (as below), 
which is in turn unconformably overlain by 10.7’ of Salem (as below). 
No faulting or folding is evident, so the above relationships appear 
depositional in origin. Contacts are based on lithic changes from 
shale for the Warsaw to biocalcarenite for the Salem. Exposure highly 
weathered and although fossil debris is abundant, much of it is 
leached. See columnar section on p. 181. 

22. Versailles West. SW 4 NE 4. sec. 24, T. 2S., R. 3 W., Brown 
County, Illinois. Meredosia Quadrangle, 1:62,500; 1928. Measured 
section in roadcut on north side of dirt road going west from Ver- 
sailles. Section consists of 25.3’ of Warsaw (argillaceous and calcar- 
eous shale containing moderately thick interbeds of biocalcarenite 
and dolocalcarenite, many of which are geodiferous). Collinson et 
al. (1962) refer to the section as Sonora, due to the presence of 
biocalcarenite and dolocalcarenite beds, but it appears these beds 
are channels developed in the Warsaw. Section moderately to highly 
overgrown, with many fossil fragments leached and poorly pre- 
served. See columnar section on p. 182. 

23. Little Whitaker Creek. NE '4 SE 4, sec. 25, T. 11 N.,R. 12 W., 
Greene County, Illinois. Roodhouse Quadrangle, 1:62,500; 1924. 
Exposure along north bank of Little Whitaker Creek, 50’ upstream 
from blacktop road over stream. Outcrop consists of 10.6’ of typical 
Warsaw (fossiliferous argillaceous and calcareous shale interbedded 
with fossiliferous biocalcarenitic beds, many of which are laterally 
discontinuous). Exposure moderately overgrown, with many fossil 
fragments partially leached. See columnar section on p. 182. 

24. White Hall - A. NW 4 NE %, sec. 25, T. 11 N., R. 12 W., 
Greene County, Illinois. Roodhouse Quadrangle, 1:62,500; 1924. 
Exposure in Whitaker Creek stream bottom. Outcrop consists of 
approximately 4’ of Warsaw (argillaceous biocalcarenite with fine 
interbeds of argillaceous shale). Highly weathered exposure with a 
few fossils present; however, most are leached and poorly preserved. 

25. White Hall — B. NE %4 SE %, sec. 25, T. 11 N., R. 12 W., Greene 
County, Illinois. Roodhouse Quadrangle, 1:62,500; 1924. Exposure 
in stream bed of Whitaker Creek. Outcrop consists of 3.5’ of typical 
lower Warsaw (fossiliferous biocalcarenite with thin argillaceous in- 
terbeds). Moderately weathered exposure, although the abundant 
bryozoan fossils are well-preserved. 

26. White Hall — C. Middle SE %, sec. 25, T. 11 N., R. 12 W., 
Greene County, Illinois. Roodhouse Quadrangle, 1:62,500; 1924. 
Exposure in stream bed of Whitaker Creek. Outcrop consists of 8.2’ 
of typical Warsaw (medium- to thin-bedded bryozoan biocalcarenite 
interbedded with argillaceous shale). Good, although moderately 
weathered, exposure; well-preserved abundant bryozoan fossils. See 
columnar section on p. 182. 

27. White Hall - D. SE% SW 4, sec. 31, T. 11 N., R. 11 W., 
Greene County, Illinois. Roodhouse Quadrangle, 1:62,500; 1924. 
Exposure in stream bed of Whitaker Creek approximately '4 mi south 
of county road bridge crossing stream. Outcrop consists of 19.3’ of 
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typical lower Warsaw (slightly geodiferous medium- to thin-bedded 
biocalcarenite turning to geodiferous argillaceous shale upsection). 
Exposure moderately overgrown; fossils rare, frequently poorly pre- 
served due to freshwater leaching of calcite. See columnar section 
on p. 182. 

28. White Hall - E. SE%4 NW 4%, sec. 31, T. 11 N., R. 11 W., 
Greene County, Illinois. Roodhouse Quadrangle, 1:62,500; 1924. 
Exposure 100 yards south of small bridge across Whitaker Creek. 
Outcrop consists of 2.5’ of typical lower Warsaw in stream valley 
(fossiliferous biocalcarenite with thin argillaceous interbeds, small 
amount of geode float in stream). Moderately weathering exposure 
in bottom of stream valley containing well-preserved fossil debris. 

29. White Hall — F. SE 4 NE 4, sec. 25, T. 11 N., R. 12 W., Greene 
County, Illinois. Roodhouse Quadrangle, 1:62,500; 1924. Good ex- 
posure in stream bed of Whitaker Creek. Outcrop consists of 12.1’ 
of lower Warsaw (predominantly geodiferous argillaceous shale in- 
terbedded with medium beds and lenses of bryozoaniferous biocal- 
carenite). Fresh exposure containing both bryozoan fossils and ge- 
odes in the lower biocalcarenite and shale, a combination of 
occurrences rare in the Warsaw. See columnar section on p. 182. 


30. White Hall-G. NW 4 SE %, sec. 2, T. 11 N., R. 12 W., Greene 
County, Illinois. Roodhouse Quadrangle, 1:62,500; 1924. Exposed 
on north bank of Seminary Creek, section measured 50 yards east 
of Highway 167 bridge. Outcrop consists of 9.9’ of lower Warsaw 
(fossiliferous cherty biocalcarenite containing moderately abundant 
chert nodules and interbeds; thin argillaceous shale interbeds also 
present). Highly weathered exposure, fossils leached and poorly pre- 
served. 


31. White Hall - H. W 4, sec. 11, T. 11 N., R. 12 W., Greene 
County, Illinois. Roodhouse Quadrangle, 1:62,500; 1924. Exposure 
in stream bed of Seminary Creek 200 yards east of Highway 167; 
outcrop on both sides of stream. Outcrop consists of 3.4’ of Keokuk 
(massive crinoidal biocalcarenite) conformably overlain by 11.8’ of 
lower Warsaw (bryozoaniferous cherty biocalcarenite interbedded 
with thin bands of fossiliferous argillaceous shale). Exposure mod- 
erately fresh. Although some fossils are slightly leached, many others 
are extremely well-preserved. 


32. Carrollton, Illinois. NE “4 SW '4, sec. 35, T.9 N., R. 12 W., 
Greene County, Illinois. Roodhouse Quadrangle, 1:62,500; 1924. 
Outcrop consists of 3.8’ of Warsaw (unfossiliferous calcareous ar- 
gillaceous shale) unconformably overlain by 10.4’ of typical Salem 
(massive biocalcarenite with few fine shale interbeds). Exposure 
moderately weathered. 


33. Benchmark on State Highway 369. NW 14, sec. 26, T. 14.N., 
R. 13 W., Scott County, Illinois. Brighton Quadrangle, 1:62,500; 
1925. Exposure in roadcut on north side of State Highway 369, 
extending approximately 100 yards along highway. Exposure con- 
sists of 2.4’ of Warsaw (unfossiliferous argillaceous shale) uncon- 
formably overlain by 8.1’ of Salem (massive cross-bedded biocal- 
carenite). Moderately weathered exposure with bioclasts highly 
leached. 


34. Otter Branch. W '2 SE 4, sec. 12, T. 7N., R. 11 W., Jersey 
County, Illinois. Jerseyville Quadrangle, 1:62,500; 1930. Exposure 
in stream bottom of small stream emptying into Otter Creek; section 
measured from north to south, upstream in stream bottom. Outcrop 
consists of 11.8’ of Keokuk (cherty crinoidal biocalcarenite with thin 
argillaceous shale interbeds) conformably overlain by 2112’ of War- 
saw (fossiliferous argillaceous shale interbedded with medium thick- 
ness to lenses of cherty bryozoan biocalcarenite). Although moder- 
ately weathered and poorly exposed, bryozoan fossils are moderately 
well-preserved, particularly in the upper shale. See columnar section 
on p. 183. 

35. McClusky West. NE 4SW 4, sec. 18, T. 7 N.,R. 11 W., Jersey 
County, Illinois. Jerseyville Quadrangle, 1:62,500; 1930. Exposure 
along north fork of Otter Creek, north-south trending on west side 


of stream immediately south of road crossing stream. Outcrop con- 
sists of 2.4’ of Warsaw (argillaceous shale) unconformably overlain 
by 4’ of Salem (massive cross-bedded biocalcarenite). Outcrop mod- 
erately highly weathered and overgrown in stream valley. 

36. South Fork Otter Creek. NE 4 NW "4, sec. 17,T. 7 N.,R. 11 W., 
Jersey County, Illinois. Jerseyville Quadrangle, 1:62,500; 1930. Ex- 
posure along south fork of Otter Creek, along east-west running 
section of stream in stream bottom. Outcrop consists of 1.8’ of 
Warsaw (argillaceous shale) unconformably overlain by 2.9’ of Salem 
(fossiliferous biocalcarenite). Exposure highly weathered. 

37. Briggs Branch. SW %4 NW 4, sec. 10, T. 6 N., R. 11 W., Jersey 
County, Illinois. Jerseyville Quadrangle, 1:62,500; 1954. Exposure 
in small stream bed along dirt road, much of section covered. Out- 
crop consists of approximately 24’ of Keokuk (cherty fossiliferous 
biocalcarenite) conformably overlain by 6.2’ of Warsaw (fossiliferous 
argillaceous shale interbedded with bryozoan biocalcarenite). Ex- 
posure highly weathered and partially covered, with fossil debris 
frequently leached. 

38. Piasa Creek. N %2 SW \, sec. 13, T.6N., R. 11 W., Jersey 
County, Illinois. St. Charles Quadrangle, 1:62,500; 1954. Exposure 
in roadcut along cutbank of bend in Piasa Creek, extended to quarry 
Ys mi east of road outcrop. Outcrop consists of 31.7’ of Warsaw 
(geodiferous argillaceous and calcareous shale interbedded with me- 
dium to thick beds of dolocalcarenite and dolocalcilutite) uncon- 
formably overlain by 43’ of Salem (extremely massive fossiliferous 
biocalcarenite with thin shale interbeds). Warsaw-Salem contact 
picked on change in lithology from predominantly shale to biocal- 
carenite. Exposure moderately weathered, with fossil debris leached 
and poorly preserved. 

39. Cuiver River. NE “4s NW ‘4, sec. 30, T. 49 N., R. 1 E., Lincoln 
County, Missouri. Mary Knott Quadrangle, 1:24,000; 1972. Expo- 
sure 2 mi west of Cuiver River bridge on Highway 47, on north 
side of highway. Section consists of 24.2’ of Warsaw (geodiferous 
and nongeodiferous argillaceous and calcareous shale) apparently 
conformably overlain and interdigitating with 18.8’ of Salem (ex- 
tremely massive cross-bedded biocalcarenite with thin shale and 
geodiferous dolocalcilutitic interbeds). Contact between Warsaw and 
Salem picked on lithic break from predominantly shale to biocal- 
carenite. Exposure fresh, good, although some of the Warsaw shale 
beds are covered. 

40. Troy Roadcut. NE % NE 4, sec.25, T. 49 N., R. 1 E., Lincoln 
County, Missouri. Troy Quadrangle, 1:24,000; 1972. Exposure in 
roadcut on Highway 61 | mi south of northern Troy exits, section 
measured on east side of road. Measured section consists of 3.8’ of 
Keokuk (fossiliferous cherty biocalcarenite) conformably overlain 
by 13.1’ of typical lower Warsaw (interbedded bryozoan biocalcar- 
enite with fossiliferous argillaceous shale; local cherty areas are also 
present). Keokuk—Warsaw contact picked on lithic change from pre- 
dominantly cherty biocalcarenite to interbedded biocalcarenite and 
shale. Exposure moderately fresh along roadcut, with fossil debris 
well-preserved. See columnar section on p. 183. 

41. Moscow Mills. SW 4 NW "4, sec. 4, T. 48 N., R. 1 E., Lincoln 
County, Missouri. Troy Quadrangle, 1:24,000; 1972. Exposure 4 
mi east of Moscow Mills on main blacktop road leading to town 
from Highway 61, section measured along south side of road. Ex- 
posure consists of 26.2’ of Warsaw (biocalcarenite interbedded with 
argillaceous geodiferous shale, both of which are moderately fossil- 
iferous). Section moderately overgrown, with fossil debris frequently 
poorly preserved because of leaching. 

42. County Road U. SW 4 SW ‘4, sec. 31, T. 48 N., R. 1 E., Lin- 
coln County, Missouri. Troy Quadrangle, 1:24,000; 1972. Exposure 
on both sides of intersection of county road U with Highway 61, 
section measured on west side of highway. Exposure consists of 23’ 
of upper Warsaw (interbedded massive biocalcarenite with argilla- 
ceous shale and dolocalcarenite). Outcrop fresh, containing an ex- 
tremely well-preserved diverse bryozoan assemblage. 
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43. Lisbon, Missouri. NE "4, sec. 26, T. SO N., R. 18 W., Howard 
County, Missouri. Arrow Rock Quadrangle, 1:24,000; 1971. Ex- 
posure along cutbank of Missouri River *¥4 mi south of Lisbon, Mis- 
souri and in an old quarry 1'2 mi south of Lisbon. Outcrop consists 
of 18.8’ of Keokuk (cherty biocalcarenite with thin shale partings) 
conformably overlain by 16.7’ of lower Warsaw (fossiliferous argil- 
laceous shale interbedded with medium beds to lenses of fossilif- 
erous, sometimes cherty biocalcarenite). Keokuk—Warsaw contact 
picked on lithic change from predominantly biocalcarenite to pre- 
dominantly argillaceous shale. Exposure moderately highly weath- 
ered, fossil debris fairly well-preserved. 

44. Dupo Quarry. NW 4 SW 4, sec. 27, T. 1 N., R. 10 W., St. 
Clair County, Illinois. Cahokia Quadrangle, 1:24,000; 1954. Expo- 
sure on northwest face of quarry along east bluff of the Mississippi 
River. Exposure consists of a total of 112.8’ of Warsaw-Salem-St. 
Louis, with Warsaw and Salem exhibiting a gradational contact, as 
do the Salem and overlying St. Louis. This exposure environmentally 
probably represents a high-energy bank deposit which existed 
throughout Warsaw, Salem and St. Louis deposition. Exposure is 
excellent, but access is restricted and only cursorily analyzed. 

45. Meramec River Bend. NW '4 NE "4, sec. 15, T. 44 N., R. 5 E., 
St. Louis County, Missouri. Kirkwood Quadrangle, 1:24,000; 1954. 
Exposure at sharp bend in the Meramec River, at what was once 
cutbank of river. Outcrop consists of 21.2’ of Keokuk (cherty cri- 
noidal biocalcarenite with thin shale interbeds) conformably over- 
lain by 12’ of Warsaw (fossiliferous argillaceous shale interbedded 
with thin biocalcarenitic lenses). Contact picked on lithic change 
from predominantly biocalcarenite to dominantly argillaceous shale. 
Outcrop highly weathered, overgrown and leached. 

46. Marshall Road. SE 4, sec. 10, T.44.N., R.5E., St. Louis 
County, Missouri. Kirkwood Quadrangle, 1:24,000; 1954. Exposure 
along roadcut on Marshall Road. Outcrop consists of 28’ of Keokuk 
(cherty crinoidal biocalcarenite with thin argillaceous interbeds) con- 
formably overlain by 22.4’ of Warsaw (fossiliferous argillaceous and 
dolomitic shale interbedded with fossiliferous biocalcarenite) un- 
conformably overlain by 6.2’ of Salem (massive cross-bedded bio- 
calcarenite). Keokuk—Warsaw contact picked on lithic change from 
predominantly biocalcarenite to argillaceous and dolomitic shale. 
Warsaw-Salem contact picked on distinctive lithic change from shale 
to massive biocalcarenite. Outcrop highly weathered, overgrown and 
poorly exposed. 

47. Cragwold Road (A and B). SE 4% NW '4, sec. 14, T. 44.N., 
R. 5 E., St. Louis County, Missoun. Kirkwood Quadrangle, 1:24,000; 
1954. Exposure is a composite of two outcrops in the northeast 


quadrant of the intersection of Interstate 270 and Interstate 44; lower 
part of section east of bridge crossing the Missouri River on I-44, 
upper section at northeast onramp to I-270 from I-44. Outcrop 
consists of 22.1’ of Keokuk (cherty biocalcarenite with argillaceous 
shale interbeds) conformably overlain by 35’ of Warsaw (fossiliferous 
argillaceous shale interbedded with cherty biocalcarenitic beds and 
lenses) apparently conformably overlain by 61.3’ of Salem (massive 
geodiferous argillaceous calcilutite and dolocalcilutite, massive cross- 
bedded cherty biocalcarenite, and argillaceous shale). Keokuk— 
Warsaw contact picked on lithic break from predominantly bio- 
calcarenite to dominantly argillaceous shale. Warsaw-Salem contact 
established on lithic break from argillaceous shale to massive geo- 
diferous argillaceous dolocalcilutite. This section is particularly well- 
exposed and well-preserved, having fresh surfaces and good, whole 
fossil debris. It is also part of the Meramecian Series stratotype. See 
columnar sections on p. 184. 

48. Columbia Roadcut. NE 4 SE 4 and SE “4 SE 4, sec. 22; and 
NW '4 SW ‘4 and SW ‘4 SW'4, sec. 23, T. 1 S., R. 10 W., Monroe 
County, Illinois. Waterloo Quadrangle, 1:62,500; 1955. Exposure in 
a long roadcut along Illinois Highway 3, about | mi south of Co- 
lumbia, Illinois; measured on west side of road from north to south. 
Outcrop consists of 23.6’ of Warsaw (locally fossiliferous argillaceous 
shale with cherty and geodiferous biocalcarenitic interbeds and lens- 
es) apparently conformably overlain by 40.2’ of Salem (massive, 
cross-bedded, locally cherty and geodiferous biocalcarenite with fos- 
siliferous argillaceous and calcareous shale interbeds). Valmeyeran 
rocks in this section are not typical of either the Warsaw or Salem 
in the Illinois Basin. Warsaw-Salem contact picked on lithic change 
from predominantly argillaceous shale to massive biocalcarenite. 
Section well-exposed and fossil debris well-preserved. See columnar 
section on p. 183. 

49. Dennis Hollow (Valmeyer). S 2, sec. 2, T. 35 N., R. 11 W., 
Monroe County, Illinois. Valmeyer Quadrangle, 1:24,000; 1954. Ex- 
posure on north side of Illinois Highway 156, 1.5 mi east of Val- 
meyer, Illinois; outcrops at two sites (A and B) along road approx- 
imately 200 yards apart. Outcrop consists of 50.8’ of Keokuk (cherty 
crinoidal biocalcarenite with thin argillaceous shale interbeds) con- 
formably overlain by 18.8’ of Warsaw (fossiliferous argillaceous shale 
with thin biocalcarenitic beds and lenses). Keokuk—Warsaw contact 
picked on lithic change from crinoidal biocalcarenite to predomi- 
nantly argillaceous shale. Exposure moderately fresh, containing ex- 
cellent bryozoan fauna which is both diverse and extremely well- 
preserved. This section was studied extensively because of the ex- 
cellent bryozoan fauna. See columnar sections on p. 185. 
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COLUMNAR SECTIONS FOR LOCALITIES 
INCLUDED IN THE SPECIES DISTRIBUTION STUDY 


Arrows mark horizons of samples used for faunal analysis. 
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1. Figured specimen, UI X-6803. Obverse exterior surface of zoarial fragment exhibiting pronounced secondary ontogenetic 
thickening. Illustrated are typical inflections of apertures into fenestrules (arrow a), shared aperture at branch bifurcation 
(arrow b), longitudinal striae across dissepiment surfaces (arrow c), and typical meshwork pattern, x 30. 
. Figured specimen, UI X-6798. Reverse exterior surface of highly ontogenetically thickened zoarial fragment showing enlarged 
macrostylets (arrow) as well as branch and dissepiment diameters greater than those in non-thickened zoaria, 30. 
3, 4. Figured specimen, UI X-6801. zoarial fragment exhibiting slight to moderate ontogenetic thickening. 3. Obverse exterior 
surface showing peristomal gaps at proximal end of aperture (arrow a), slightly centrally thickened terminal diaphragm 
(arrow b), and keel not covered by thickened lamellar skeleton, x 30; 4. Reverse exterior surface showing longitudinal striae 
(arrow a), macrostylet development (arrow b), and reverse zoarial support (arrow c), x 30. 

5, 12. Figured specimen, UI X-6799. 5. FF69, longitudinal section through mid chamber, obverse to right, showing typical chamber 
outline in this view, x 70; 12. FF70, oblique longitudinal section, obverse to right, from mid chamber at top to shallowest 
branch edge, and cross-section of dissepiment (arrow a) at bottom. Shallowest chamber views (arrow b) show extension of 
aperture into fenestrule, = 70. 

6, 8, 11. Figured specimen, UI X-6896. Zoarial fragment exhibiting moderate ontogenetic thickening; 6. EF46, mid to shallow 
longitudinal section, obverse to right, illustrating zoarial support development (arrow a) and ontogenetic thickening of 
lamellar skeleton (arrow b) of zoarial fragment from proximal end of zoarium, = 70; 8. EF48, transverse section showing 
continuity of granular skeleton across dissepiment (arrow a), connecting with nodes (arrow b) and completely surrounding 
autozooecial chambers (arrow c), x 70; 11. EF47, oblique longitudinal section, obverse to left, ranging from mid chamber 
at top to branch edge at bottom. Shown is change in autozooecial chamber outline form from deep to shallow section. 
Arrow illustrates continuity of granular skeletal material with obverse surface nodes, = 70. 

7. Figured specimen, UI X-6806. FF30, transverse section of highly ontogenetically thickened zoarial fragment; note consistency 
of aperture openings parallel to plane of obverse surface. Superior hemiseptum (arrow a) causes restriction between aperture 
and chamber proper. Thickened lamellar skeleton (arrow b) and thickened branch axial wall (arrow b) characterize onto- 
genetic thickening in this species, x 70. 

9, 10. Figured specimen, UI X-6889. Serial tangential sections; 9. EF28, mid section with short superior hemisepta (arrow a) and 
typical bilobate-elliptical chamber outline (arrow b), x 70; 10. shallow section illustrating aperture positioning at abaxial 
edge of autozooecial chamber (arrow a) and stylets along obverse surface (arrow b), 70. 
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1. Figured specimen, UI X-6889. EF28, shallow to mid tangential section illustrating peristomal development surrounding 
the aperture (arrow a), nodal development (arrow b), typical chamber outline in mid tangential view (arrow c), and chamber 
placement at site of branch bifurcation (arrow d), = 70. 
2. Figured specimen, UI X-6801. FF85, deep to mid tangential section, fragment exhibits slight to moderate ontogenetic 
thickening of the lamellar skeleton. Shown is development of reverse wall macrostylets (arrow a) with their rim of lamellar 
calcite and center of granular calcite, and typical chamber outline near reverse-wall budding-site (arrow b), x 70. 
3. Figured specimen, UI X-6805. FF95, deep to mid tangential section, with zoarial fragment exhibiting moderate to pro- 
nounced ontogenetic thickening; arrow shows short superior hemiseptum at proximal—abaxial edge of vestibule, x 70. 
A=lOteRectifenestellaitenutsstmial( Cumingessl 906) severe eee vsrerere rene oreo eters re cae evar ote ev oveyet ate aiavers = ous ate a ueeIe oe eee oecre ayers tree =i revere (eraercNe 45 
4,9, 10. Hypotype, UI X-6833. Zoarial fragment exhibiting moderate secondary overgrowth by lamellar skeleton; 4. Obverse exterior 
surface showing lamellar skeleton causing enlargement of nodes (arrow a), obscuring keel (arrow b), and increasing size of 
striae across the dissepiment (arrow c), x 8; 9. reverse exterior zoarial surface, <8; 10. FD63, mid to shallow tangential 
section illustrating well-developed peristome (arrow a) with typical opening at proximal end of aperture (arrow b), superior 
hemiseptum at vestibule proximal-abaxial edge (arrow c) resulting in bilobate-elliptical chamber shape near obverse surface, 
and typical chamber outline in mid tangential section (arrow d), = 70. 

5-8. Hypotype, UI X-6834. Zoarial fragment exhibiting slight ontogenetic thickening; 5. FD66, transverse section showing 
typical branch outline, transverse chamber shape in mid chamber view (arrow a) and continuity of granular skeletal layer 
around the autozooecial chamber and with reverse-wall striae (arrow b), x70; 6. FD66, transverse section illustrating 
continuity of granular skeletal layer surrounding autozooecial chamber with obverse surface nodes (arrow), = 70; 7. Obverse 
exterior surface, showing aperture placement at site of branch bifurcation (arrow a), typical orientation of aperture openings 
into fenestrule (arrow b), anastomosing keel (arrow c) and nodes positioned atop keel (arrow d), x 20; 8. Reverse exterior 
zoarial surface illustrating site of branch bifurcation (arrow a), and longitudinal striae (arrow b) atop which are positioned 
rows of intermediate microstylets (arrow c), = 20. 
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1-8. Rectifenestella tenuissima (Cumings, 1906) . . sauint Choke, crack teetetease Oh Ce re Died Auawehts Sie tosmnieroeesar teat 45 
1, 3, 5, 8. Hypotype, UI X-6832. 1. FD51, oblique longitudinal section, obverse to right, ranging from very shallow at top of figure 
to moderately deep at bottom. Shown is dissepiment development (arrow a), chamber profile in mid longitudinal section 
(arrow b), nodal development on obverse surface (arrow c), and microstylet originating from granular skeleton on reverse 
wall (arrow d), x 70; 3. FD55, mid to deep tangential section illustrating chamber outline near reverse-wall budding-site 
(arrow a), longitudinal striae developed along reverse wall (arrow b) and continuity of striae with granular skeletal layer, 
and microstylet development on the reverse-wall surface (arrow c) as a rearward extension of the longitudinal striae, x 40; 
5. FD56, transverse section at proximal end of zoarium. Illustrated is continuity of granular skeleton across dissepiment 
(arrow a) and around autozooecial chambers (arrow b), and attitudinal relationship of aperture to plane of obverse surface 
(arrow c), x 70; 8. FD53, shallow to mid tangential section of fragment exhibiting moderate ontogenetic thickening. Observe 
widened keel (arrow a) and increased nodal diameter (arrow b) resulting from thickening of outer lamellar skeleton, x40. 
2, 4. Hypotype, UI X-6833. 2. FD57, moderately to very shallow longitudinal section, obverse to right, illustrating short superior 
hemiseptum (arrow a), aperture opening positioned at distal end of chamber (arrow b) and aperture (arrow c) opening onto 
dissepiment (arrow d), = 70; 4. FD63, mid to shallow tangential section showing short superior hemiseptum positioned at 
proximal end of aperture (arrow a) in shallow view of autozooecial chamber resulting in bilobate-elliptical chamber shape 
near obverse surface and extension of aperture laterally into fenestrule (arrow b), = 70. 
6, 7. Hypotype, UI X-6834. FD70. 6. Shallow to mid tangential section showing typical chamber outline in mid (arrow a), mid 
shallow (arrow b) and shallow (arrow c) chamber views. Note enlargement of distal end and closing of proximal end of 
chamber. Granular skeletal material is continuous around autozooecial chambers (arrow c), across dissepiment (arrow d), 
and along medial keel (arrow e), x 70; 7. Shallow to mid tangential section illustrating small stylets across obverse branch 
surface (arrow a) and apertural stylets (arrow b) observed only in the most shallow views, = 70. 
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Figured specimen, UI X-6870. Obverse exterior surface of moderately secondarily thickened zoarial fragment illus- 
trating aperture opening (arrow a) and its attitudinal relationship to plane of obverse surface, aperture extension into 
fenestrule and onto dissepiment (arrow b), and stylet development on obverse surface (arrow c) near site of branch 
bifurcation, x 25. 

Figured specimen, UI X-6874. Zoarial fragment exhibiting pronounced secondary thickening; 2. Obverse exterior 
surface. Note nodal placement (arrow) atop keel, 8; 4. Reverse exterior surface illustrating rounded, thickened 
branches and barlike dissepiments, x8; 5. FH44, shallow to mid longitudinal section, obverse to left, showing 
terminal diaphragm development (arrow), =< 70; 6. FH44, mid longitudinal section, obverse to left, illustrating short 
hemiseptum at proximal end of aperture (arrow a) and typical chamber outline in mid longitudinal view (arrow b). 
Note thin terminal diaphragms over most aperture openings, x 70; 7. FH43, deep mid longitudinal section, obverse 
to left, illustrating autozooecial chamber at maximum length (arrow a) and microstylet development (arrow b) 
continuous with internal granular skeleton, x 70; 8. FH47, shallow tangential section showing aperture position at 
site of branch bifurcation (arrow a), terminal diaphragm across aperture opening (arrow b), superior hemiseptum at 
proximal end of aperture (arrow c), small stylets along obverse surface (arrow d), and rodlike dissepiment between 
branches (arrow e), x 70; 11. FH43, transverse section. Note continuity of granular skeletal layer with obverse node 
(arrow a) and across dissepiment (arrow b); typical chamber outline in mid transverse section (arrow ¢c) is also shown, 
x 70; 12. FH49, deep to mid tangential section showing chamber outline near reverse-wall budding-site (arrow a), 
continuity of granular skeleton with reverse longitudinal striae (arrow b) and presence of reverse microstylets (arrow 
c) forming as extensions of longitudinal striae, x 70. 

Figured specimen, UI X-6872. Zoarial fragment exhibiting slight to moderate ontogenetic thickening. 3. Obverse 
exterior surface showing site of branch bifurcation (arrow), x 8; 9. FH35, very shallow tangential section illustrating 
nodal development and placement (arrow a) and keel (arrow b) from which nodes arise, x 40; 10. FH31, transverse 
section. Note attitudinal relationship of aperture opening to plane of obverse surface (arrow a) and continuity of 
granular skeleton with longitudinal striae (arrow b), x70; 13. FH33, deep longitudinal section, obverse to right, 
showing typical chamber outline in this view (arrow a), and inner granular skeletal layer (arrow b) continuous around 
autozooecial chambers and with obverse nodes (arrow c), x70. 
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Figured specimen, UI X-6874. 1. FH47, shallow to mid tage onialie section come prominent keel and attitudinal relationship of 
aperture to fenestrule opening (arrow), x40; 2. FH49, deep to moderately shallow tangential section illustrating typical chamber 
outline in mid chamber (arrow a), chamber outline at site of branch bifurcation (arrow b) and fenestrule in mid chamber view 
(arrow c), x40; 3. FH96, mid to shallow tangential section showing bilobate-elliptical chamber outline near obverse surface (arrow 

a) due to presence of superior hemiseptum (arrow b) positioned proximal to the vestibular edge, = 40. 


4. Paratype, UI X-6801. Obverse exterior ae afi fachiy outaseneneally, thickened pearl fragment with zoarial support 
developed at lateral zoarial edge (arrow a), highly thickened keel, atop which are positioned large nodes (arrow b) and 
centrally thickened terminal diaphragms capping apertures (arrow c), = 15. 

5, 6. Paratype, UI X-6791. Zoarial fragment exhibiting little ontogenetic thickening; 5. Reverse exterior surface illustrating site 
of branch bifurcation (arrow a) and microstylets (arrow b) positioned along reverse branch surface, x 8; 6. Obverse exterior 
surface. Note lack of terminal diaphragms (arrow) characteristic of apertures at most distal end of the zoarium, x8. 

7, 9-11. Holotype, UI X-6790. Extremely well-preserved zoarial fragment exhibiting slight secondary thickening; 7. FK53, transverse 
section. Note granular skeletal material surrounding autozooecial chambers and continuous with nodes (arrow a) and 
longitudinal striae (arrow b), x 70; 9. Obverse exterior surface illustrating aperture attitudinal relationship relative to plane 
of obverse surface (arrow a), aperture placement at site of branch bifurcation (arrow b), distinctive nodal development 
atop dissepiment (arrow c), small stylets atop surface (arrow d), and characteristic extension of apertures into the fenestrule 
opening (arrow e), x 30; 10. FK53, transverse section showing typical chamber outline in this view, inferior hemiseptal 
development from reverse wall (arrow a) and short superior hemiseptum at proximal edge of vestibule (arrow b), = 70; 
11. FK52, extremely shallow longitudinal section section across dissepiment and lateral edge of branch, obverse to left, 
illustrating nodal development atop dissepiment (arrow a) and continuous with granular skeleton across middle of dissep- 
iment (arrow b), x 70. 

8. Paratype, UI X-6784. Reverse exterior surface illustrating the pronounced differences in meshwork symmetry within a 
zoarial fragment. Note branch thickening proximal and thinning distal to sites of branch bifurcation (arrow) and longitudinal 
striae apparent on reverse branch surface, 8. 

12. Paratype, UI X-6788. FK37, transverse section of zoarial fragment exhibiting pronounced thickening of lamellar skeleton 
with ontogeny. Shown is centrally thickened terminal diaphragm (arrow a), node atop dissepiment (arrow b), continuity 
of granular skeleton across dissepiment (arrow c) and connecting with granular layer surrounding chambers, and thickened 
lamellar skeleton (arrow d), = 70. 
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Paratype, UI X-6791. 1. FK63, deep to mid longitudinal section, obverse to right, illustrating chamber outline in deep section 
(arrow a) and migration of inferior hemiseptum from lateral—reverse wall junction in deep section (arrow b) toward a more 
proximal location in mid sectional view (arrow c), x 70; 2. FK61, mid longitudinal section, obverse to right, showing well- 
developed vestibule (arrow a) with restriction at chamber—vestibule edge caused by development of the superior hemiseptum 
(arrow b); also ilustrated is centrally thickened terminal diaphragm (arrow c) capping apertures, = 70; 3. FK60, shallow longi- 
tudinal section, obverse to might, illustrating inferior hemiseptum continuous across chamber (arrow a) yet not joined with 
superior hemiseptum (arrow b), = 70. 

Holotype, UI X-6790. FK53. 4. Very shallow longitudinal section, obverse to left, at lateral branch edge, x 70; 6. Mid shallow 
longitudinal section, obverse to left, showing close proximity of superior and inferior hemisepta (arrow a) without their joining, 
and continuity of granular skeleton (arrow b) along reverse wall, and surrounding autozooecial chambers, = 70. 

Paratype, UI X-6792. 5. FK68, very shallow to mid tangential section illustrating obverse zoarial surface characters, including 
nodes (arrow a), keel along middle of obverse branch surface (arrow b), nodal development in middle of dissepiment (arrow 
c), aperture placement relative to fenestrule opening (arrow d), and aperture development at site of branch bifurcation (arrow 
e), x40; 8. FK69, shallow to mid tangential section illustrating change in chamber outline from mid (bottom of figure) to 
shallow (top of figure) tangential section. Note the distinctive chamber shape at site of branch bifurcation (arrow a), curved 
superior hemiseptum development at vestibular proximal edge (arrow b), spacing between superior (distal) and inferior (proximal) 
hemisepta (arrow c), and wider spacing of hemisepta with increased depth of tangential section (arrow d), = 70. 


. Paratype, UI X-6787. FK28, deep tangential section illustrating bridging of autozooecial chambers by inferior hemiseptum near 


reverse wall (arrow a) in deep section, longitudinal striae (arrow b) of granular skeletal material, and microstylet development 
(arrow c) along reverse wall as extensions of longitudinal striae, = 70. 
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Paratype, UI X-6792. FK69, mid to shallow taneential section showing nical autozooecial chamber outline in these views, 
x40. 

Paratype, UI X-6787. FK27, mid to shallow tangential section illustrating nodal development atop dissepiment (arrow a), 
complete peristome surrounding aperture (arrow b), and position of aperture at site of branch bifurcation (arrow c), x 70. 


3=9* ‘Laxifenestella:maculasimilis; New: SPECIES). :50:5 fess. sae ore ee Oe er te eee Ce seers oe rare EE ieee eee eae ee eee eee 


336: 


8,9. 


Paratype, UI X-6815. Large zoarial fragment Penibiiire slight ceanghisy ictenine! 3. Obverse exterior surface illustrating 
typical zoarial symmetry and appearance. Note presence of shared aperture immediately distal to site of branch bifurcation 
(arrow), x 8; 6. FI92, shallow longitudinal section, obverse to right, illustrating typical chamber outline in this view, and terminal 
diaphragm (arrow), x70. 


. Paratype, UI X-6813. Reverse exterior surface, showing slight to no visible extension of aperture into fenestrule (arrow a), site 


of branch bifurcation (arrow b), and longitudinal striae extending along reverse branch surface (arrow c). Note branch thickening 
proximal and thinning distal to sites of branch bifurcation, x 8. 


. Holotype, UI X-6811. Large, well-preserved, moderately secondarily thickened zoarial fragment. 5. Greatly enlarged reverse 


exterior zoarial surface showing microstylet (arrow a) and macrostylet (arrow b) development. Note macrostylet placement 
typically at or near site of branch bifurcation, x 30; 7. Greatly enlarged obverse exterior zoarial surface illustrating centrally 
thickened terminal diaphragm (arrow a), slight aperture extension into fenestrule (arrow b), well-developed obverse node (arrow 
c), striae developed across the dissepiment surface (arrow d), heterozooecia (ovicell?) development (arrow e) between apertures 
(arrow f) along branches, x 30. 

Paratype, UI X-6767. 8. Obverse exterior zoarial surface showing aperture position at site of branch bifurcation (arrow a) and 
small obverse stylets (arrow b), x 30; 9. FG36, transverse section illustrating continuity of granular skeletal layer with reverse 
macrostylets (arrow a), obverse nodes (arrow b), and typical chamber outline in mid transverse view (arrow c), x 70. 
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4,5, 7-9, 10. 


Paratype, UI X-6767. Moderately ontogenetically thickened zoarial fragment. 1. FG36, transverse section showing 
inferior hemiseptum extending from reverse wall (arrow a) continuous with granular skeletal layer surrounding 
autozooecial chamber and across dissepiment (arrow b) connecting chambers, = 70; 3. FG38, deep longitudinal section, 
obverse to right. Note granular skeletal layer (arrow a) continuous around autozooecial chambers (arrow b) and with 
obverse nodes (arrow c), 70. 


. Paratype, UI X-6815. FI94. Large moderately astogenetically thickened zoarial fragment, with thickening occurring 


primarily in lamellar skeleton although slight thickening is also observed in the granular skeletal layer. 2. Transverse 
section illustrating superior hemiseptum developed at proximal vestibular adaxial edge (arrow a), thickened chamber 
granular wall (arrow b), and terminal diaphragm (arrow c), x 70; 6. Shallow to mid tangential section showing upper 
axial wall development of granular skeleton (arrow a), incomplete peristome (arrow b) surrounding aperture, and open 
at proximal—adaxial edge (arrow c), and bilobate chamber outline (arrow d) near obverse surface caused by development 
of the superior hemiseptum (arrow e). Note thick median keel (arrow f), large nodes atop keel, and small stylets (arrow 
g) across obverse surface, x70. 

Holotype, UI X-6811. Large, well-preserved zoarial fragment. 4. FI3, mid to deep longitudinal section, obverse to 
right, illustrating chamber outline and well-developed inferior hemiseptum (arrow), = 70; 5. FI3, mid longitudinal 
section, obverse to night, showing typical autozooecial chamber outline with aperture development at distal end of 
chamber (arrow), = 70; 7. FI1, shallow to mid longitudinal section, obverse to right, at abaxial edge of branch illustrating 
aperture opening orientation (arrow a) and superior hemiseptum (arrow b) at proximal edge of peristome, x70; 8. 
FI4, mid longitudinal section, obverse to right, illustrating attitude of aperture opening (arrow) relative to plane of 
obverse surface, x 70; 9. FI7, mid to deep tangential section illustrating inferior hemiseptum near reverse wall (arrow 
a) and superior hemiseptum at proximal edge of peristome (arrow b), x 70; 10. FI41, mid to deep tangential section 
showing inflection of apertures into fenestrule outline near obverse surface (arrow a) and lack of such inflections in 
deeper view (arrow b). Note typical chamber outline in mid tangential view (arrow c), * 40. 
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Paratype, UI X-6759. FG23, deep tangential section Hehowine macrostylets (arrow a) and microstylets (arrow b) both in 
continuity with granular skeletal material forming longitudinal striae (arrow c), 70. 

Paratype, UI X-6808. FI18, mid to shallow tangential section, illustrating typical chamber outlines and characteristic 
mid tangential outline of chamber at site of branch bifurcation (arrow), = 40. 


Laxifenestella serratula (Ulrich, 1890) .... Se RCT Gee eR ACO ECOO atom so doonKs 
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Figured specimen, UI X-6838. Large, well eect See Gercal exhibiting slight ontogenetic thickening. 3. FJ28, 
shallow to very shallow longitudinal section, obverse to right, illustrating bridging of chamber by fused superior and 
inferior hemisepta (arrow a), centrally thickened terminal diaphragm (arrow b), and continuous granular skeleton ex- 
tending across middle of dissepiment (arrow c), x 70; 4. Obverse exterior surface showing typical mesh symmetry and 
aperture positioning at site of branch bifurcation (arrow), x 8; 5. Reverse exterior view of same site of branch bifurcation 
as shown in figure 4 above (arrow), = 8; 9, FJ29, transverse section illustrating centrally thickened terminal diaphragm 
(arrow a), short superior hemiseptum (arrow b), and longitudinal striae (arrow c) continuous with granular skeletal layer 
surrounding autozooecial chamber, x 70; 11. FJ27, transverse section of typical branch segment, x 70. 

Figured specimen, UI X-6839. Large, well-preserved zoarial fragment exhibiting moderate ontogenetic thickening. 6. 
Greatly enlarged obverse exterior surface illustrating typical mesh symmetry and obverse characteristics, including nodes 
(arrow a), aperture placement and peristomal development (arrow b), inflection of apertures into fenestrule (arrow c), 
small stylets along obverse surface (arrow d), and longitudinal ridges developed across dissepiment surface (arrow e), 
x 30; 7. Greatly enlarged reverse exterior surface. Observe larger fenestrule openings (arrow a) compared to those on 
obverse surface, and microstylet development (arrow b), x30; 8. Obverse exterior surface showing typical meshwork 
pattern and well-developed, centrally thickened terminal diaphragm (arrow), = 8. 


. Figured specimen, UI X-6765. FG11, transverse section of zoarial fragment showing typical curved inferior hemiseptum 


(arrow a), nodal development atop keel (arrow b) and continuity of granular skeletal material across dissepiment (arrow 
¢), X70. 
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Figured specimen, UI X-6838. 1. FJ29, mid to deep longitudinal section, Bierce to right, illustrating continuity of granular 
skeleton (arrow a) surrounding autozooecial chambers and continuous with obverse nodes (arrow b) and stylets (arrow c), 
x 70; 5. FJ31, shallow to mid tangential section. Observe node (arrow a) positioned atop thick well-developed keel, peristome 
(arrow b) surrounding aperture positioned parallel to obverse surface, aperture position at site of branch bifurcation (arrow 
c), extension of aperture into fenestrule (arrow d), and fenestrule outline in mid section (arrow e) showing smaller size than 
shallow section fenestrule and lack of aperture extension into fenestrule opening, x 40. 


. Figured specimen, UI X-6837. FJ18, mid to deep longitudinal section, obverse to left, showing presence of joined superior 


and inferior hemiseptum (arrow a) disappearing as section approaches middle of branch (/.e., becomes deeper) (arrow b), 
x70. 


. Figured specimen, UI X-6839. FJ36, mid longitudinal section, obverse to left, illustrating joining of inferior and superior 


hemisepta as autozooecial chambers proceed from most shallow (arrow a) to slightly deeper (arrow b) to deepest (arrow c) 
longitudinal view, x 70. 

Figured specimen, UI X-6765. Large zoarial fragment exhibiting little ontogenetic thickening. 4. FG11, very shallow to mid 
longitudinal view of slightly inclined section, obverse to left. Apertures at top of figure are not capped by terminal diaphragms, 
bottom apertures are capped and chambers bridged by fused inferior and superior hemisepta (arrow a). Granular skeletal 
layer surrounding autozooecial chambers connects to microstylets (arrow b) on the reverse wall, x70; 6. FG13, shallow to 
mid tangential section. Note well-defined axial ridge of granular skeletal material from which nodes arise (arrow a) and typical 
autozooecial chamber outline in mid tangential view (arrow b) with superior hemiseptum almost completely dividing chamber, 
x40; 7. FG14, shallow to deep tangential section showing continuity of inferior hemiseptum (arrow) across autozooecial 
chamber width, x 40; 8. FG13, shallow to mid tangential section illustrating obverse stylets (arrow a), superior hemiseptum 
extending entirely across chamber in extremely shallow view (arrow b), lack of continuity of superior hemiseptum across 
chamber as section deepens (arrow c), with further reduction of superior hemiseptum (arrow d) as section deepens further, 
x70. 
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1. Laxifenestella serratula (Ulrich, 1890) ...... ee Ieee at ice pee eae Lee Oe cot. 00-6 
Figured specimen, UI X-6837. FJ22, mid to deep Giaeentialiee section iilusteatiae ‘piel chamber eitees in mid autozooecial chamber 
view (arrow a) with inferior hemiseptum across chamber width, and microstylets (arrow b) which originate as extensions of granular 
skeletal material in reverse-wall longitudinal striae (arrow c), = 70. 

2-11. Paefenestells fluctinata® NE Ws SPCCIES oats oS o.5 ecaeis; 2 ocave vq eMionTacars uh ed Spa vada Maia vega ya teeeteceye Oo age Bases) PROMI ans ces each Ee 

, 3, 5, 7-9. Holotype, UI X-6778. Large, walle presenved! qoacal fragment ening micderate ontogenetic thickening. 2. Obverse 
exterior surface, observe granular dissepiment surface (arrow a), autozooecial aperture position (arrow b) relative to 
branch and fenestrule, heterozooecia (ovicells?) developed from enlarged aperture toward middle of branch (arrow c), 
and small obverse stylets (arrow d), * 25; 3. Reverse surface of zoarial fragment showing typical symmetry, site of 
branch bifurcation (arrow), and longitudinal striae almost completely covered by secondary lamellar skeleton, x 8; 5. 
Obverse exterior surface illustrating general mesh symmetry and branch character at site of branch bifurcation (arrow), 
x8; 7. FN3, transverse section of dissepiment, obverse to right, illustrating continuity of granular skeleton across 
dissepiment (arrow), x 70; 8. FN1, transverse section showing development of short superior hemiseptum (arrow a) 
and longitudinal striae along reverse chamber wall (arrow b), = 70; 9. FN4, transverse section of zoarial fragment 
showing continuity of granular skeletal layer around autozooecial chambers, across dissepiment (arrow a) and with 
nodes (arrow b), = 70. 

4,6. Paratype, UI X-6773. Well-preserved zoarial fragment. 4. High magnification of obverse exterior surface illustrating 
lack of extension of aperture into fenestrule opening (arrow a), heterozooecia (ovicells?) developed from enlarged lateral 
aperture (arrow b), keel (arrow c), and node (arrow d) developed atop keel, x 30; 6. Reverse exterior zoarial surface 
exhibiting typical granular texture (arrow) and lack of apertural inflections into fenestrule, x 30. 

10. Paratype, UI X-6727. FV26, transverse section of slightly ontogenetically thickened zoarial fragment illustrating atti- 
tudinal relationship of aperture to plane of obverse surface (arrow a), development of short inferior hemiseptum (arrow 
b), and wall partitioning two autozooecial chambers (arrow c), x 70. 

11. Paratype, UI X-6729. FV35, mid to deep longitudinal section, obverse to left, showing typical chamber outline (arrow 
a) and development of zoarial support from reverse wall of zoarium (arrow b), = 70. 
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1, 2. Paratype, UI X-6772. 1. FN23, very deep longitudinal section, obverse to left, illustrating chamber outline in eee longitudinal 
view (arrow a) and continuity of microstylets with internal granular skeleton (arrow b), x 70; 2. FN19, mid to deep longitudinal 
section, obverse to left, illustrating continuity of obverse stylet (arrow a) with granular skeleton. Note inferior hemiseptum 
(arrow b) and thickened lamellar skeleton, = 70. 

3. Paratype, UI X-6729. FV34, shallow to mid longitudinal section, obverse to left, showing typical attitudinal relationship of 
aperture to obverse surface, and capped by terminal diaphragm (arrow a), superior hemiseptum (arrow b) not fused with inferior 
hemiseptum, and granular skeletal layer (arrow c) which, although thin, is continuous around autozooecial chambers, = 70. 

4-8. Holotype, UI X-6778. 4. FN4, shallow to mid shallow longitudinal section, obverse to right, illustrating autozooecial chamber 
bridged by superior hemiseptum (arrow a) and typical aperture orientation in shallow longitudinal view (arrow b). Observe 
both granular and lamellar skeletal material associated with superior hemiseptum, with inferior hemiseptum composed solely 
of granular skeleton, 70; 5. FN7, mid to mid shallow tangential section illustrating chamber outline (arrow) and moderate 
variation in chamber outline evident in this species, 70; 6. FN7, mid to deep tangential section showing typical mesh symmetry, 
and enlargement of fenestrule proceeding from mid (arrow a) to deep (arrow b) sectional view, x40; 7. FN7, deep tangential 
section with longitudinal striae (arrow a) atop which develop reverse microstylets (arrow b), and bridging of chamber by inferior 

| hemiseptum (arrow c) near reverse wall, x70; 8. FN6, very shallow to mid tangential section. Note continuity of granular 
skeleton across dissepiment (arrow a), keel (arrow b), node developed atop keel (arrow c), obverse stylet (arrow d), and bilobate- 
ovate outline (arrow e) of chamber near obverse surface due to inflection of superior hemiseptum into chamber, * 70. 
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Paratype, UI X-6727. FV28, mid to te tangential < section pehowne feral pode pattern Agt autozooecial chamber outline at 
site of branch bifurcation (arrow), = 
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Holotype, UI X-6905. fares, well: oreceied pean faement papa modems ontgeencic iniekenine of lamellar 
skeletal layer. 2. Reverse exterior surface. Note macrostylet development (arrow a) most commonly occurring at or 
near sites of branch-dissepiment contact, fenestrule shape with no indication of inflection by apertures on reverse 
surface (arrow b), and site of branch bifurcation (arrow c), x 8; 3. Obverse exterior surface illustrating typical mesh 
pattern and symmetry. Centrally thickened hemiseptum shown by arrow, x8; 5. Highly enlarged obverse exterior 
surface view illustrating aperture position relative to branch surface, and incomplete peristome partially surrounding 
aperture (arrow a) with gap at proximal end of peristome (arrow b). Such gaps also develop at distal end of peristome 
in some zoaria of the species. Biserially alternating rows of stylets (arrow c) form at either proximal or distal—adaxial 
peristomal edge, x 25; 10. FA35, transverse section showing typical chamber shape in cross-section and attitudinal 
relationship of apertures to plane of obverse surface, initiation of apertural stylets (arrow a) as extension of peristome, 
and granular skeletal material surrounding autozooecial chamber (arrow b), x40; 11. FA37, transverse section 
illustrating well-developed apertural stylet at proximal edge of aperture (arrow a), small stylets infilling peristomal 
gap (arrow b), reverse macrostylet (arrow ¢c), microstylets (arrow d), and continuous granular skeletal layer across 
dissepiment (arrow e), x40. 


. Paratype, UI X-6877. Obverse exterior surface of zoarial fragment exhibiting pronounced ontogenetic thickening. 


Note thickening of keel across branch surface (arrow), in places overgrowing apertures, * 8. 


. Paratype, UI X-6876. Large zoarial fragment exhibiting pronounced secondary thickening of lamellar skeletal layer. 


6. Obverse exterior surface showing aperture position (arrow a) with development of large stylet at proximal—adaxial 
apertural edge (arrow b), small obverse stylets (arrow c), aperture position, and orientation at site of branch bifurcation 
(arrow d), and inflection into fenestrules of apertures along obverse surface (arrow e), * 25; 9. Reverse exterior surface 
showing thickening of lamellar skeleton (arrow), x8. 


. Paratype, UI X-6904. 7. FA32, mid longitudinal section, obverse to left, illustrating well-developed superior hem- 


iseptum (arrow a), typical chamber outline in mid longitudinal view (arrow b), diaphragm plugging aperture (arrow 
c), and possible brown bodies in lower three chambers shown, x 60; 8. FA32, shallow to deep longitudinal section, 
obverse to left, showing granular skeleton at distal edge of autozooecial chamber bifurcating to develop into large 
apertural stylet (arrow a) and peristome (arrow b), well-developed apertural stylet toward middle of branch (arrow 
¢), and continuity of granular skeletal layer across dissepiment (arrow d), x 40; 12. FA30, mid to deep longitudinal 
section, obverse to left. Note chamber outline in deep longitudinal view (arrow a) and continuity of granular skeleton 
with reverse macrostylets (arrow b), = 40. 


58 


PLATE 13 


PALAEONTOGRAPHICA AMERICANA, NUMBER 57 


PLATE 14 


PALAEONTOGRAPHICA AMERICANA, NUMBER 57 


Yo Siena 
x - ms 
pet SS C ahs 
pm “a. 
AC 


MISSISSIPPIAN BRYOZOANS: SNYDER 205 


EXPLANATION OF PLATE 14 


Figure Page 


Sem VAL LV aI SLVONELI GNM W ISDCGCIES Im tre cco ete kodastc iagstaysucue evans etekeuore ai tletousgate sae Sceuenecvavanna 4 a sidyeuse ates Provence RES ERe PTS OAS ote re 

1, 2. Paratype, UI X-6876. FA45. 1. Very shallow tangential section illustrating biserial arrangement of large apertural stylets across 
branch (arrow), x60; 2. Shallow tangential of zoarium exhibiting pronounced ontogenetic thickening. Note large stylet at 
proximal—adaxial apertural edge (arrow), = 60. 

3-5. Holotype, UI X-6905. FA43. 3. Very shallow to shallow tangential section illustrating apertural placement at site of branch 
bifurcation (arrow a) and small obverse stylets (arrow b) positioned atop thickened median keel (arrow c), x 40; 4. Shallow to 
deep tangential section showing typical chamber outline in mid section (arrow a), continuity of granular skeleton across 
dissepiment (arrow b), and recessed dissepiment relative to obverse branch surface (arrow c), x 20; 5. Greatly enlarged shallow 
to deep tangential section. Observe chamber outline near reverse-wall budding-site (arrow a), attitudinal relationship of aperture 
to obverse surface, and small apertural stylets (arrow b), large single apertural stylet developed at distal—adaxial apertural edge 
(arrow c) and across branch, large single apertural stylet developed at proximal—adaxial apertural edge (arrow d), granular 
center of keel (arrow e), longitudinal striae along reverse surface (arrow f), and microstylets atop these striae and across 
dissepiments (arrow g), x60. 

C—O MVM INL yal paratriseridlis anew sSPEClES errte ve uci icke carer siiake eth hI a oi ee P Ee Ae Sak Sea ee cde e ee UGA Saag uss opare discs anty shana coped shee aes 
Holotype, UI X-6871. 6. Reverse exterior of zoarial fragment exhibiting moderate consistency of fenestrule size and shape (arrow 
a), microstylet development atop longitudinal striae (arrow b), and site of branch bifurcation (arrow c), <8; 7. Obverse exterior 
view illustrating general mesh symmetry, variability in fenestrule shape (arrow a) when compared with that of reverse surface, and 
aperture position (arrow b) at site of branch bifurcation, x8; 8. FH15, transverse section of branches illustrating continuity of 
granular skeletal layer (arrow) around autozooecial chambers, x 60; 9. FH15, transverse section showing typical opening of aperture 
(arrow) relative to branch surface, x60; 10. FH15, transverse section showing continuity of granular skeleton with obverse node 
(arrow a), large apertural stylet (arrow b), peristome (arrow c), and across dissepiment (arrow d), and typical autozooecial chamber 
shape in mid transverse view (arrow e), = 60. 
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1. Paratype, UI X-6947. Obverse exterior surface of zoarial fragment illustrating nodes (arrow a) positioned atop keel, longitudinal 
striae developed across fenestrule (arrow b), intermediate-size stylet developed at proximal—adaxial edge of aperture (arrow c), 
second stylet at proximal—abaxial edge of aperture (arrow d), and peristome surrounding aperture (arrow e), x25. 

2-9. Holotype, UI X-6871. 2. FH4, mid longitudinal section, obverse to right, showing typical chamber outline (arrow) in mid 
section, x 70; 3. FH3, mid to shallow longitudinal section showing cross-section of dissepiment across which granular skeleton 
extends (arrow a), most abaxial edge of aperture (arrow b) opening into fenestrule, adaxial intermediate-size apertural stylet 
(arrow c), and outer edge of abaxial intermediate-size apertural stylet (arrow d), x 70; 4. FH4, mid shallow longitudinal section, 
obverse to right, illustrating continuity of thick granular skeleton along reverse wall of chambers (arrow a) and centrally thickened 
terminal diaphragm (arrow b), x 70; 5. FH3, mid shallow to deep longitudinal section, obverse to right, showing typical mid 
chamber outline with vestibule development (arrow a), chamber outline in deep longitudinal view (arrow b), and continuity of 
granular skeleton with reverse microstylets (arrow ¢), x 70; 6. FH6, very shallow to shaJlow tangential section illustrating chamber 
outline in very shallow (arrow a) to shallow (arrow b) tangential view, x 70; 7. FH6, very shallow to mid tangential section 
illustrating intermediate-size apertural stylets developed from abaxial (arrow a) and adaxial (arrow b) edges of the aperture. The 
adaxial stylet is connected to the vestibular granular layer in some individuals, to the peristome in others; the abaxial stylet is 
always connected to the peristome. The keel (arrow c) from which nodes (arrow d) extend is also shown, x40; 8. FHS, mid to 
mid shallow tangential section illustrating typical chamber outline in mid tangential section (arrow a), slight inflection of apertures 
into fenestrule in mid shallow tangential view (arrow b), and lack of such inflection as section deepens (arrow c), x 40; 9. FHS, 
deep tangential section showing chamber outline near reverse-wall budding-site (arrow a), and longitudinal striae (arrow b) 
continuous with inner granular skeletal layer, with reverse microstylets (arrow c) emerging from and continuous with granular 
skeleton of striae, x 70. 
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genetic thickening near proximal end of zoarium (arrow a) and slight ontogenetic thickening toward more distal end of zoarium 
(arrow b), Note terminal diaphragms (arrow c) capping apertures near proximal end of zoarium, which are absent toward more 
distal end of fragment (arrow d), x8; 2. Reverse exterior surface illustrating similar ontogenetic thickening toward proximal 
end of zoarium and thinning toward more distal end. Note longitudinal striae (arrow) evident at most distal end of zoarium 
but covered by lamellar skeleton toward proximal end of zoarium due to ontogenetic thickening of lamellar skeleton, <8; 3. 
F133, deep longitudinal section, obverse to right, showing typical chamber shape near middle of branch (arrow a) and granular 
skeletal layer continuous with obverse nodes (arrow b), and microstylets (arrow c), x 70; 4. Obverse exterior surface showing 
aperture placement at site of branch bifurcation (arrow a), small stylet placement across obverse branch surface (arrow b), nodes 
(arrow c), longitudinal striae across dissepiments (arrow d), small stylets forming as extensions of peristome (arrow e), and 
attitudinal relationship of aperture to plane of obverse zoarial surface. Note slight inflection of apertures into fenestrule, = 30; 
5. Reverse exterior surface illustrating macrostylet (arrow a) and microstylet (arrow b) development along reverse zoarial surface, 
and general fenestrule shape as viewed from reverse surface. Note placement of macrostylets near sites of branch bifurcation, 
x 30. 


. Figured specimen, UI X-6817. FI53, transverse section showing typical general branch outline and continuity of thin granular 


layer encompassing autozooecial chambers and continuous with reverse longitudinal striae (arrow), < 70. 

Figured specimen, UI X-6810. FI69. 7. Transverse section showing major zooecial characteristics in this view including inferior 
hemiseptal development (arrow a), nodes (arrow b), terminal diaphragm (arrow c) capping aperture that exhibits typical attitudinal 
relationship to plane of obverse surface, granular skeleton of peristome (arrow d) continuous with internal granular skeletal layer 
around autozooecia, and granular skeletal layer (arrow e) extending between branches across dissepiment, x 70; 8. Mid longi- 
tudinal section, obverse to right, showing granular skeletal layer continuous around autozooecial chamber (arrow a), typical 
autozooecial chamber shape in mid tangential view (arrow b), inferior hemiseptum positioned on proximal side of distal lateral 
chamber wall (arrow c) about one-third of the way toward obverse surface, with hemiseptum increasing in length as section 
shallows (arrow d), short superior hemiseptum (arrow e) at proximal edge of vestibule, and terminal diaphragm capping aperture 
(arrow f), x70. 
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Figured specimen, UI X-6810. 1. Deep tangential section illustrating microstylet (arrow a) and macrostylet (arrow b) devel- 
opment, x 70; 2. shallow to mid shallow longitudinal section, obverse to right, catching lateral edge of autozooecial chambers 
and showing terminal diaphragm capping aperture (arrow a), and microstylet (arrow b) continuous with inner granular skeleton, 
x70. 

Figured specimen, UI X-6749. Large, moderately ontogenetically thickened zoarial fragment. 3. TD90, deep longitudinal 
section, obverse to right, showing typical chamber outline in deep longitudinal view (arrow a), reverse macrostylet (arrow 
b), and obverse node (arrow c), both continuous with granular skeleton surrounding autozooecial chamber, x40; 5. TD91, 
shallow longitudinal section, obverse to right, showing typical chamber outline in this view and extension of apertures onto 
dissepiments (arrow), x40; 6. TD94, shallow to mid tangential section. Illustrated is chamber outline at site of branch 
bifurcation (arrow a) and continuity of granular skeleton across dissepiment (arrow b), = 40. 


. Figured specimen, UI X-6817. FI57, mid to very shallow tangential section illustrating nodes (arrow a) and small obverse 


stylets (arrow b) positioned across obverse branch surface, aperture shape and positioning relative to plane of obverse surface 
(arrow c), complete peristome (arrow d) and small stylets that form as extensions of peristome (arrow e). Although an extension 
of the axial wall toward the obverse surface is observed (arrow f), a true keel is lacking, = 70. 

Figured specimen, UI X-6768. FG32, mid shallow to deep tangential section showing typical chamber outline in mid tangential 
view (arrow a) and inferior hemiseptum placement diagonally across autozooecial chamber (arrow b), also shown is superior 
hemiseptum placement at proximal peristomal edge (arrow c) giving bilobate appearance to chamber outline, and chamber 
outline near reverse-wall budding-site (arrow d), = 70. 
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Figured specimen, UI X-7021. FM22, shallow to nid emeental section of zoarial faceient exMibiine little ontogenetic thickening 
of lamellar skeletal layer (arrow), = 40. 
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Paratype, UI X-7016. Large, well-preserved zoarial fragment suis slight ontogenetic paelenine GE lamellar skeletal 
layer. 2. Obverse exterior surface. Observe presence of either third row of autozooecia at site of branch bifurcation (arrow 
a) or three rows for moderate to pronounced distances proximal to sites of branch bifurcation (arrow b) and recessed 
dissepiments (arrow c), relative to plane of obverse zoarial surface, x 8; 3. Reverse exterior surface illustrating longitudinal 
striae atop which are positioned rows of small, variable-size microstylets (arrow). Note pronounced thickening of branch 
proximal and thinning distal to sites of branch bifurcation, and variable fenestrule size and shape in this species, x 8; 4. 
Greatly enlarged obverse exterior surface illustrating large, well-developed and regularly positioned apertural stylets (arrow 
a) surrounding essentially circular aperture capped in this case by centrally thickened terminal diaphragm; also shown is 
well-developed ropy keel (arrow b), atop which develop small stylets (arrow c) positioned between large nodes (arrow d) 
and along edge of keel, x25. 

Holotype, UI X-6779. Large moderately ontogenetically thickened zoarial fragment exhibiting good preservation of interior 
detail. 5. Obverse exterior surface illustrating fusion of apertural stylets around aperture (arrow a), overgrowth of aperture 
adaxial edge by keel (arrow b) and thickened keel (arrow c) in this zoarial fragment, = 25; 6. FA18, very shallow tangential 
section. Note typical attitudinal relationship of aperture to plane of obverse surface and well-developed apertural stylets 
(arrow a) surrounding apertural opening, well-developed node (arrow b) atop keel and small stylets along obverse surface 
(arrow c), x60; 8. FA14, transverse section illustrating terminal diaphragm development (arrow a), node (arrow b), and 
apertural stylet (arrow c) in view exhibiting typical attitudinal relationship of aperture to obverse surface, x 40; 9. FA11, 
transverse section of single branch showing reverse microstylets (arrow) with core of granular skeleton, x40. 


. Paratype, UI X-6796. Obverse exterior surface of highly ontogenetically thickened zoarial fragment. Note pronounced 


thickening of keel (arrow) almost completely overgrowing apertural openings, * 8. 
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Paratype, UI X-7016. 1. PA9, very shallow longitudinal section, obverse to right, illustrating aperture opening onto edge 
of and continuity of granular skeleton across dissepiment (arrow a) and abaxial edge of aperture (arrow b) where it extends 
into fenestrule, x40: 2. PA9, shallow to mid longitudinal section, obverse to right, showing centrally thickened terminal 
diaphragm (arrow a) and “brown bodies” (arrow b) often positioned behind these diaphragms, = 40; 3. PA2, mid longitudinal 
section, obverse to right, illustrating typical chamber outline and continuity of granular skeleton around autozooecial 
chambers (arrow), 40; 4. PA1, mid longitudinal section obverse to right. Observe typical chamber outline in this view 
(arrow a) showing low reverse-wall budding-angle typical of this species; also shown are reverse microstylets (arrow b) 
continuous with granular skeleton, x40; 5. PA, mid to deep longitudinal section, obverse to right, showing chamber 
outline in deep view (arrow a) and continuity of large nodes (arrow b) with internal granular skeletal layer, x 40; 10. PAS, 
shallow to deep tangential section showing continuity of granular skeleton across dissepiment (arrow a), variation of chamber 
outline in mid tangential view from that of a parallelogram (arrow b) to that of a rectangle (arrow c), inflections in fenestrule 
outline near obverse surface due to projections of apertures into fenestrule (arrow d) and lack of such inflections in mid 
to deep tangential view (arrow e), * 20. 

Holotype, UI X-6779. 6. FA15, transverse section showing development of apertural stylets (arrow) which, when observed 
in vestibule, are inflected into inner vestibular area causing a restriction in the vestibular opening, x40; 7. FA18, very 
shallow tangential section illustrating keel development (arrow a) betwen large stellate nodes, and small stylets occurring 
between nodes (arrow b), x60; 8. FA9, shallow tangential section showing typical node and aperture arrangement along 
branch and at site of branch bifurcation (arrow) where, in this case, the third aperture is shared between both diverging 
branches. x 20: 9. FA18, shallow to mid tangential section showing typical chamber outline in mid section view and site 
of branch bifurcation (arrow), < 20. 
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Paratype, UI X-7016. PAS, deep tangential section illustrating autozooecial chamber Giline near reverse-wall paddince site (arrow 
a), longitudinal striae (arrow b) developing as extensions of reverse granular autozooecial wall and small microstylets (arrow c) which 

form as projections from these striae, = 40. 

DN EE Banastelaxcingulatal (WlriChe 59 0) pen ree oer Oe Icey eae eee eee een asl eee eee eee Td: 
Figured specimen, UI X-6720. Large, well-preserved zoarial fragment exhibiting moderate aeenene thickening. 2. Obverse exterior 
surface illustrating centrally thickened terminal diaphragm capping aperture (arrow a), intermediate-size stellate nodes (arrow b), 
peristome (arrow c) surrounding pronounced inflection of apertures into fenestrule opening (arrow d), and site of branch bifurcation 
(arrow e) showing greatly widened three rows across branch proximal and narrowed two rows distal to site, x 20; 3. Reverse exterior 
surface showing typical ovate shape of fenestrule in this species (arrow a), large zoarial support developed as extension of reverse 
zoarial surface (arrow b) and longitudinal striae (arrow c) atop which are positioned rows of microstylets, x 8; 4. TX40, transverse 
section illustrating thickening of lamellar skeletal layer and typical attitudinal relationship of aperture to plane of obverse surface 
(arrow), x 40; 5. TX38, transverse section. Note typical branch outline in cross-section, terminal diaphragm (arrow a) and attitudinal 
relationship of aperture to obverse surface, and microstylets (arrow b) which connect with granular skeleton of longitudinal striae 
(arrow c), x 70; 6. TX40, transverse section showing continuity of nodes (arrow a) and peristome (arrow b) with granular skeleton 
as well as continuity of granular skeleton between branches (arrow c) across dissepiment, = 70; 7. TX39, shallow to mid shallow 
longitudinal section, obverse to right, illustrating apertural stylets (arrow a), stylets developed along lateral edge of branch (arrow 
b) and thickened area on reverse surface (arrow c) corresponding to occurrence of dissepiment, = 70; 8. TX40, mid longitudinal 
section, obverse to right, showing typical chamber outline in this view (arrow a), and continuity of apertural stylets (arrow b) and 
microstylets (arrow c) with internal granular skeleton, x 70; 9. TX40, mid longitudinal section, obverse to right, showing variable 
chamber outline in this view (arrow), x40; 10. TX40, shallow to mid longitudinal section, obverse to right, showing apertural edge 
extending into fenestrule (arrow a) and continuity of granular skeleton across dissepiment (arrow b), = 40. 
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1-6. Banastella cingulata (Ulrich, 1890) ........ Se Te erence neptic ts Mecca nieyeuan the eRe eet eae eames eters acdighe fayate. eet 


Figured specimen, UI X-6720. 1. TX43, mid longitudinal section, obverse to nght, illustrating continuity of granular skeleton along 
reverse wall (arrow a), along chamber lateral walls (arrow b) and in center of nodes (arrow c). Note typical chamber outline in mid 
longitudinal view (arrow d), x 70; 2. TX49, shallow to mid tangential section illustrating typical chamber outline in mid tangential 
(arrow a) and shallow tangential (arrow b) view. Observe continuity of granular skeleton across dissepiments (arrow c), typical 
fenestrule shape (arrow d) and overall chamber arrangement and symmetry, x 40; 3. TX45, deep tangential section showing chamber 
outline near reverse-wall budding-site (arrow a) and microstylets (arrow b) occurring in rows along reverse branch surface, developing 
as extensions of longitudinal striae (arrow c), x 70; 4. TX49, shallow tangential section. Observe typical attitudinal relationship of 
aperture to obverse zoarial surface (arrow a), apertural stylets (arrow b), aperture inflection into fenestrule opening near obverse 
surface (arrow c), and stellate node appearance (arrow d) as well as relatively close placement of nodes, x 70; 5. TX49, shallow to 
mid tangential section showing typical symmetry and site of branch bifurcation (arrow), x 40; 6. TX45, mid to deep tangential section 
illustrating pronounced thickening of lamellar skeleton associated with site of zoarial support development (arrow a). Observe partial 
plugging of fenestrule (arrow b) along reverse zoarial surface associated with lamellar skeletal thickening, = 40. 
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Holotype, UI X-6717. Large, well-preserved zoarial fragment exhibiting edenie Orica te recteniny 1. Obverse 
exterior surface illustrating typical autozooecial aperture shape and attitudinal relationship to plane of obverse surface 
(arrow a), peristome surrounding aperture (arrow b) formed from fusion of apertural stylets and slight extension of 
aperture into fenestrule margin, nodes (arrow c) widely spaced along middle of obverse branch surface, small stylets 
(arrow d) across obverse surface and aperture placement at site of branch bifurcation (arrow e), x 30; 2. Reverse exterior 
surface showing fenestrules (arrow a) that exhibit irregularity in size and shape, small microstylets across reverse branch 
surface (arrow b), and thickening proximal and thinning distal to sites of branch bifurcation (arrow c), x 12; 3. Obverse 
exterior surface showing typically moderately irregular mesh pattern, keel (arrow a) and apertures partially to completely 
overgrown by lamellar skeleton (arrow b), 12; 6. TX1, transverse section showing typical branch outline in cross- 
section and node (arrow) continuous with granular skeleton, x 70; 7. TX7, deep to mid longitudinal section, obverse to 
right, showing typical chamber outline in deep longitudinal view (arrow), x 70; 8. TX5, shallow mid longitudinal section, 
obverse to right, showing lamellar skeleton partially overgrowing aperture (arrow a) and reverse microstylets (arrow b) 
in continuity with internal granular skeletal layer, x 70; 9. TX7, mid longitudinal section, obverse to right, illustrating 
typical autozooecial chamber outline (arrow) associated with low reverse-wall budding-angle, x 40; 10. TX5, transverse 
section illustrating branch that is rounded in cross-section, typical attitudinal relationship of aperture (arrow a) to plane 
of obverse surface, granular skeleton continuous around autozooecial chambers, with reverse longitudinal striae (arrow 
b) and across dissepiments (arrow c). Note moderate thickening of lamellar skeletal layer (arrow d), x70; 11. TXS5, 
transverse section of widened branch near site of branch bifurcation illustrating apertural stylets (arrow) at edge of 
aperture, x70. 

Paratype, UI X-6917. PI92. 4. Shallow to mid longitudinal section, obverse to right, illustrating typical attitudinal 
relationship of aperture to obverse surface (arrow a), apertural stylets (arrow b), and granular skeleton extending across 
dissepiments between branches (arrow c), 70; 5. Mid longitudinal section, obverse to right, showing continuity of 
granular skeleton along reverse chamber wall (arrow a), around autozooecial chambers, and with obverse nodes (arrow 
b), x40. 
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Holotype, UI X-6717. 1. TX13, mid to shallow tangential section showing three rows of autozooecia across branch surface 
proximal to site of branch bifurcation (arrow a) and slight inflection of apertures into fenestrule in mid shallow tangential 
view (arrow b), x25; 3. TX13, shallow tangential section illustrating apertural stylets (arrow a) that fuse to become the 
peristome (arrow b), and median keel (arrow c) atop which are located small stylets (arrow d), x 70; 4. TX 1, transverse section 
showing typical cross-section of autozooecial chamber (arrow), = 70; 5. TX13, shallow to deep tangential section showing 
chamber outline in mid tangential view (arrow a), mid shallow tangential view (arrow b) and near reverse-wall budding-site 
(arrow c). Note longitudinal striae (arrow d) from which microstylets (arrow e) originate, x 25; 6. TX5SO, shallow tangential 
section showing inflection of autozooecial apertures into fenestrule (arrow a), well-developed median keel (arrow b) atop 
which are positioned widely spaced stellate nodes (arrow c), = 40. 

Paratype, UI X-6917. P1I94, shallow to deep tangential section of zoarial fragment exhibiting slight ontogenetic thickening. 
Observe lack of inflection into fenestrule outline by apertures in mid tangential section (arrow), x20. 
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Banastellavlimitarisi(Wlrich 890) iesciiyaceseiietststecren is fae aces ale eretele cece Braet: Se 2. PE eR eR Te Ee 
Hypotype, UI X-7015. Large, well-preserved zoarial fragment exhibiting slight ontogenetic thickening. 1. Obverse exterior surface 
illustrating typical mesh symmetry. Observe either third row at site of branch bifurcation (arrow a) or three rows for moderate 
distance proximal to site of branch bifurcation (arrow b), x 8; 2. Enlarged obverse exterior surface showing ring of apertural stylets 
partially fused to become peristome (arrow a), site of branch bifurcation (arrow b), and median keel (arrow c) atop which are 
positioned well-developed nodes (arrow d), x 20; 3. WR56, transverse section showing well-developed node (arrow) continuous with 
interior granular skeletal material, x 70; 4. WR56, transverse section illustrating typical attitudinal relationship of aperture to plane 
of obverse surface (arrow a), continuity of granular skeletal layer across dissepiment (arrow b) and longitudinal ridge development 
across dissepiment obverse surface (arrow c), x 70; 5. Enlarged reverse exterior surface showing variability in fenestrule shape (arrow 
a), microstylets (arrow b) developing as extensions of longitudinal striae, and microstylets (arrow c) developed across dissepiments, 
x 20; 6. WRS3, transverse section showing continuity of granular skeleton with stylets and subsequently with peristome surrounding 
aperture (arrow a), and inception of dissepiment as extension of longitudinal striae at lateral edge of branch (arrow b), 70; 7. 
WRS1, mid shallow to shallow longitudinal section, obverse to right, showing narrow longitudinal outline of autozooecial chamber 
(arrow), x70; 8. WR51, mid to shallow longitudinal section, obverse to right, showing continuity of granular skeleton across 
dissepiment (arrow a) and elongate typical autozooecial chamber in mid longitudinal section with shape altered by fracturing of 
chamber lateral walls (arrow b),x40; 9. WR57, mid longitudinal section, obverse to right, illustrating granular skeleton surrounding 
autozooecial chambers and continuous with reverse microstylets (arrow a) and obverse nodes (arrow b), x 70; 10. Enlarged obverse 
exterior view. Note slight to moderate extension of aperture into fenestrule (arrow a), sinuous keel (arrow b), nodes developing as 
extensions of keel (arrow c), barlike longitudinal ridges across dissepiments (arrow d), and small obverse stylets (arrow e), = 20. 
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Banastella limitaris (Ulrich, 1890) 5 ae eer , a PE eae rea te ceca BO fet orate: ora iat cca toca RR 
Hypotype, UI X-7015. 1. WR64, very shallow to shallow tangential section showing keel (arrow a), nodes (arrow b) developed atop 
keel, small obverse stylets (arrow c), typical aperture shape and orientation to plane of obverse surface (arrow d), apertural stylets 
(arrow e), and fusion of these stylets to become the peristome (arrow f), x 70; 2. WR63, mid to deep tangential section showing 
autozooecial chamber shape near reverse-wall budding-site (arrow a), granular skeletal composition of longitudinal striae extending 
along reverse chamber surface (arrow b), microstylets (arrow c) developing atop the longitudinal striae and across disepiments (arrow 
d) along reverse zoarial surface, x 40; 3. WRS53, transverse section of branch proximal to site of branch bifurcation, x 70; 4. Reverse 
exterior surface illustrating longitudinal striae and site of branch bifurcation (arrow), * 8; 5. WR63, mid to deep mid tangential section. 
Observe continuity of granular skeleton across dissepiments (arrow a) and lack of aperture extension into fenestrule (arrow b) in this 
view, x40: 6. WR64, shallow tangential section showing aperture extending onto edge of dissepiment (arrow a) and thin axial ridge 
(arrow b) along obverse surface, x 40; 7. WR63, mid shallow tangential section showing typical autozooecial chamber outline in this 
view (arrow), * 40; 8. WR64, shallow to mid tangential section showing chamber outline in mid tangential view (arrow), x 40. 
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EXPLANATION OF PLATE 26 


developed for pronounced distances proximal to site of branch bifurcation (arrow) and polyporid-like appearance of zoarium exterior, 
x8; 2. Reverse exterior of zoarial fragment showing longitudinal striae (arrow a) atop which occur rows of small microstylets, site 
of branch bifurcation (arrow b) and typical fenestrule shape in reverse view (arrow c), x8; 3. High magnification obverse exterior 
view illustrating typical attitudinal relationship of aperture (arrow a) to plane of obverse surface, peristome (arrow b), intermittent 
and anastomosing keel (arrow c), stellate node (arrow d), and longitudinal striae atop obverse dissepiment surface (arrow e), x25; 
4. PO22, mid longitudinal section, obverse to left, showing continuity of granular skeleton (arrow) around autozooecial chambers, 
x70; 5. PO26, transverse section showing centrally thickened terminal diaphragm capping aperture oriented in typical fashion to 
plane of obverse surface (arrow a), and longitudinal striae (arrow b) continuous with internal granular skeletal layer and nodes (arrow 
c), and characteristic chamber outline in mid transverse view (arrow d), x 70; 6. PO20, shallow to mid longitudinal section, obverse 
to left, showing terminal diaphragm (arrow a) and typical chamber outline in mid tangential section (arrow b) illustrating low 
budding-angle of reverse wall, x 70; 7. PO22, shallow to mid longitudinal section, obverse to left, illustrating typical chamber outline 
in mid longitudinal view and short vestibule with superior hemiseptum (arrow a), continuity of granular skeletal layer with reverse 
microstylets (arrow b) and across dissepiments (arrow c), x 70; 8. PO27, shallow to mid tangential section showing typical chamber 
outline in mid section view (arrow a) and continuity of granular skeleton across dissepiment (arrow b). Note typical zoarial surficial 
view in tangential section, x 35; 9. PO31, very shallow tangential section. Observe typical aperture outline (arrow a), peristome 
(arrow b), keel (arrow c), and node (arrow d) developed at proximal edge of aperture, also very slight superior hemiseptum present 
at inner vestibule proximal edge (arrow e), x 70; 10. PO29, shallow to deep tangential section showing typical chamber outline in 
mid tangential view (arrow a), site of branch bifurcation (arrow b), chamber outline near reverse-wall budding-site (arrow c), 
microstylets developed as extensions of longitudinal striae (arrow d) and across dissepiment surface (arrow e), x35. 
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Figured specimen, UI X-6915. PO29, shallow to nial enpentialic section. Obrene enon! superior hemiseptum Dresent at proximal 
aperture edge (arrow a) and typical autozooecial chamber outline near obverse surface (arrow b), x 70. 
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Holotype, UI X-6793. Gnvemee exterior surface as ares well-preserved zoarial Geen showing apertures surrounded by 
peristomes (arrow a) which apparently develop from fusion of apertural stylets, aperture position at site of branch bifurcation 
(arrow b), keel (arrow c), nodes (arrow d) positioned atop keel, ornamentation across dissepiment surface (arrow e) and 
projection of aperture into fenestrule opening (arrow f), = 8. 

Paratype, UI X-6781. 3. Reverse exterior surface showing longitudinal striae (arrow a) atop which develop microstylets 
(arrow b). Note site of branch bifurcation (arrow c), 8; 7. FA5S8, shallow longitudinal section, obverse to left, showing 
slight aperture extension into fenestrule at branch lateral edge (arrow a) and continuity of granular skeleton across dissepiment 
(arrow b), x 70; 8. FAS8, shallow to mid shallow longitudinal section, obverse to left, illustrating typical chamber outline 
in mid shallow section (arrow) x 40; 9. FA66, mid to mid shallow longitudinal section, obverse to left, illustrating terminal 
diaphragm (arrow a) and mid longitudinal section with low reverse-wall budding-angle (arrow b), x40; 10. FA66, mid 
deep to deep longitudinal section, obverse to left, showing typical chamber outline in deep longitudinal view (arrow a) and 
apertural stylet development at adaxial aperture edge (arrow b), = 70. 


. Paratype, UI X-6782. 4. FA63, transverse section showing apertural stylet (arrow a) at edge of aperture exhibiting typical 


attitudinal relationship to plane of obverse surface, longitudinal striae continuous with inner granular skeleton (arrow b), 
and part of longitudinal ridge across dissepiment surface (arrow c), x 70; 5. FAS7, transverse section showing continuity 
of granular skeleton with obverse nodes and keel (arrow a) and typical circular cross-section of branch (arrow b), x 70. 


. Paratype, UI X-6783. FA65, mid shallow tangential section illustrating well-developed longitudinal ridge (arrow) extending 


between branches atop dissepiment, x 40. 
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EXPLANATION OF PLATE 28 


Holotype, UI X-6793. Large zoarial fragment exhibiting slight ontogenetic thickening. 1. FA73, shallow to deep tangential section 
illustrating chamber outline near reverse-wall budding-site (arrow a), reverse longitudinal striae (arrow b) atop which develop 
microstylets (arrow c) and recessed dissepiment relative to plane of reverse surface (arrow d), x40; 2. FA51, mid shallow tangential 
section showing typical chamber outline (arrow a) in this view and at site of branch bifurcation (arrow b), slight inflection of apertural 
abaxial edge into fenestrule (arrow c) and short superior hemiseptum (arrow d) at proximal vestibular edge, x 40; 3. FA65, shallow 
tangential section. Note aperture location at site of branch bifurcation (arrow a) and autozooecial chamber outline as section slightly 
deepens (arrow b), x 40; 4. FA71, shallow to deep tangential section illustrating typical autozooecial chamber outline in mid tangential 
view (arrow a), typical aperture shape and attitudinal relationship to plane of obverse surface (arrow b), node (arrow c), continuity 
of granular skeleton across dissepiment (arrow d) and lack of apertural inflection into fenestrule (arrow e), x 20; 5. FA65, enlarged 
shallow tangential view showing aperture surrounded by stylets (arrow a) at edge of dissepiment, fusing of these stylets in slightly 
deeper section to form peristome (arrow b), stylets along obverse branch surface (arrow c), ridge atop dissepiment formed from 
granular skeleton (arrow d) and thickened keel along middle of branch (arrow e), < 70. 
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Reverse exterior surface. Observe fenestrules overgrown by lamellar skeleton (arrow a) near proximal end of zoarium 
and those not overgrown (arrow b) toward more distal end of zoarium, zoarial supports developed from reverse surface 
(arrow c), and initial site of zoarial development (arrow d), <4; 2. Obverse exterior surface illustrating pronounced 
ontogenetic thickening of lamellar skeleton near proximal end of zoarium covering autozooecial apertures (arrow a) 
when compared to more distal end of zoarial fragment where apertures remain uncovered (arrow b), zoarial supports 
developed at lateral mesh edge (arrow c), and initial site of zoarial development (arrow d), x4; 3. Obverse exterior 
surface near proximal end of zoarium showing pronounced thickening of keel (arrow a), most autozooecial apertures 
covered by lamellar skeleton (arrow b), and increased node diameter (arrow c), all resulting from ontogenetic thickening, 
«8: 4. Obverse exterior toward more distal end of zoarium showing apertures not covered by lamellar skeleton (arrow 
a) and less keel and nodal thickening (arrow b), x 8; 9. TA94, deep to mid longitudinal section, obverse to nght, showing 
macrostylets (arrow a), nodes (arrow b), small obverse stylets (arrow c), microstylets (arrow d) all in continuity with 
granular skeletal layer (arrow e) surrounding autozooecial chambers, x 40; 10. TA3, transverse section illustrating typical 
chamber shape and attitudinal relationship of aperture to plane of obverse surface (arrow a), characteristic chamber 
outline in mid transverse view (arrow b), and intermediate thickening of lamellar skeletal layer, x 40; 11. TA6, transverse 
section showing typical branch profile in cross-sectional view, branch spacing, and centrally thickened terminal diaphragm 
(arrow), x40. 

Figured specimen, UI X-6902. Zoarial fragment exhibiting slight to moderate ontogenetic thickening. 5. Obverse exterior 
illustrating slight keel and nodal development (arrow a) as well as apertures not covered by lamellar skeleton, and site 
of branch bifurcation (arrow b), <8; 6. Reverse exterior surface illustrating variability in fenestrule size and shape and 
macrostylets (arrow) typically positioned at or near site of branch-dissepiment junction, x 8; 7. Greatly enlarged obverse 
exterior surface view. Note aperture shape and attitudinal relationship to plane of obverse surface (arrow a), centrally 
thickened terminal diaphragm capping aperture (arrow b), peristome (arrow c), nodes (arrow d) atop keel, obverse stylets 
(arrow e) and median ridge across dissepiment (arrow f), x 25. 

Figured specimen, UI X-6900. EF1 2, transverse section of moderately ontogenetically thickened zoarial fragment showing 
granular skeletal layer continuous around autozooecial chambers and with longitudinal striae (arrow a), microstylets 
(arrow b), obverse node (arrow c), across dissepiment (arrow d) and with apertural stylets (arrow e), x 70. 
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Figured specimen, UI X-6752. 1. TA4, shallow to mid longitudinal section, obverse to left, showing centrally thickened 
terminal diaphragm (arrow a) capping autozooecial chamber with extremely long vestibule (arrow b) developed due to 
thickened lamellar skeletal layer, microstylets (arrow ¢c) continuous with granular skeleton extending to reverse exterior 
surface (arrow d) and obverse node (arrow e), x40; 4. TA12, very shallow tangential section showing typical features 
including peristome surrounding aperture (arrow a), thick keel (arrow b), slightly stellate node (arrow c), obverse stylet 
(arrow d), and similar stylets across dissepiment (arrow e), and site of branch bifurcation (arrow f), x 40; 6. TA97, shallow 
to deep tangential section. Note nearly complete plugging of fenestrule by lamellar skeleton near reverse surface (arrow a), 
pronounced inflection of aperture into fenestrule on obverse surface (arrow b), shallow tangential chamber outline (arrow 
c) and typical aperture outline (arrow d), continuity of granular skeleton across dissepiment (arrow e) and mid tangential 
view at site of branch bifurcation (arrow f), = 20. 

Figured specimen, UI X-6900. 2. EF9, mid to deep longitudinal section, obverse to left, showing typical chamber outline 
in deep section (arrow a) and granular skeleton continuous with reverse macrostylets (arrow b) and obverse nodes (arrow 
c), x70; 3. EF96, very shallow to mid tangential section. Observe nodes (arrow a) positioned atop well-developed keel 
(arrow b), autozooecial chamber outline in shallow (arrow c) and mid (arrow d) tangential view, and lack of aperture 
extension into fenestrule opening in mid tangential view (arrow e), x 20; 5. EF14, very shallow to mid longitudinal section, 
obverse to left. Note slight extension of aperture onto lateral edge of dissepiment (arrow a) and into fenestrule opening 
(arrow b), typical chamber outline in mid longitudinal view (arrow c), and granular skeleton continuous across dissepiment 
(arrow d), x40; 7. EF96, deep tangential section showing autozooecial chamber outline near reverse-wall budding-site 
(arrow a), longitudinal striae (arrow b) from which develop microstylets (arrow c), and macrostylets typically associated 
with sites of branch-dissepiment junction (arrow d), x40. 
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Paratype, UI X-6708. Large, well-preserved moderately ontogenetically thickened zoarial fragment. 1. Obverse 
exterior surface illustrating typical mesh symmetry, x8; 3. Reverse exterior surface showing variation in fenestrule 
size and shape in this species (arrows a and b), longitudinal striae atop which rows of microstylets develop (arrow 
c), and site of branch bifurcation (arrow d), <8; 6. FL36, transverse section of branch illustrating typical chamber 
and branch profile in cross-sectional view, x 70; 7. FL36, deep to mid longitudinal section, obverse to left, showing 
continuity of granular skeleton around autozooecial chambers (arrow a) and with reverse microstylets (arrow b), 
typical chamber outline in deep longitudinal view (arrow c), and adaxial apertural stylets (arrow d), x 70; 8. FL34, 
deep to mid longitudinal section, obverse to left, showing obverse nodal development (arrow a), obverse stylets 
(arrow b) and typical chamber outline in mid longitudinal view (arrow c), x70; 10. FL36, transverse section 
illustrating longitudinal striae (arrow a) and microstylets (arrow b) continuous with inner granular skeleton, and 
terminal diaphragm over aperture (arrow c) exhibiting typical attitudinal relationship of aperture to plane of 
obverse surface, x70; 11. FL34, transverse section showing typical branch outline with well-developed node 
(arrow) in continuity with interior granular skeleton, = 70; 12. FL34, shallow longitudinal section, obverse to left, 
showing typical chamber outline in shallow view (arrow a) and obverse stylet (arrow b), x 70. 


. Paratype, UI X-6712. High magnification of obverse exterior surface showing apertures (arrow a) without terminal 


diaphragm development, thickened ridge across dissepiment (arrow b), aperture positioning at site of branch 
bifurcation (arrow c) and thickened keel (arrow d), x 30. 5. Reverse exterior surface with development of reverse 
zoarial support (arrow), x8. 

Holotype, UI X-6709. Large, slightly ontogenetically thickened zoarial fragment. 4. High magnification of obverse 
exterior surface, illustrating aperture capped by centrally thickened terminal diaphragm (arrow a), nodes (arrow 
b), obverse stylets (arrow c), keel (arrow d), and site of branch bifurcation (arrow e), x 20; 9. FL46, shallow to 
mid longitudinal section, obverse to left, illustrating centrally thickened terminal diaphragm (arrow a) and apertural 
stylet (arrow b) continuous with interior granular skeleton, = 70. 
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Paratype, UI X-6708. FL34, very shallow to shallow longitudinal section, obverse to left, illustrating transverse view of dis- 
sepiment with ridge developed on obverse surface (arrow a) and thickened lamellar skeleton on reverse (arrow b), x 70. 
Holotype, UI X-6709. 2. FL48, shallow to deep tangential section. Observe variable chamber outline in mid tangential view at 
site of branch bifurcation (arrow a) when compared to typical chamber outline in mid tangential view along branch (arrow b), 
chamber outline near reverse-wall budding-site (arrow c) and longitudinal striae along reverse wall (arrow d), x40; 3. FL47, 
very shallow to mid tangential section illustrating well-developed keel (arrow a), nodes developed atop keel (arrow b), and 
recessed dissepiment relative to plane of obverse surface (arrow c), x40; 4. FL48, mid to shallow tangential section showing 
terminal diaphragm (arrow a) across aperture of chamber exhibiting typical view in shallow chamber outline, apertural stylets 
(arrow b), chamber outline in mid tangential view (arrow c), barlike ridge across dissepiment (arrow d), and obverse dissepiment 
stylets (arrow e), x 70; 5. FL48, deep tangential section illustrating longitudinal striae (arrow a) from which develop reverse 
microstylets (arrow b). Observe continuity of granular skeleton around autozooecial chamber near reverse-wall budding-site 
(arrow c) and with striae and microstylets, x 70; 6. FL48, shallow tangential section at site of branch bifurcation illustrating 
typical aperture placement (arrow a), apertural stylets (arrow b), and obverse stylets (arrow c), 70. 
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site of branch bifurcation (arrow a) and large, closely spaced nodes (arrow b) along obverse surface, 15; 3. Reverse 
exterior surface illustrating intermediate-size microstylets covering reverse zoarial surface, site of branch bifurcation 
(arrow a) and rows of microstylets across dissepiment surface (arrow b), = 30. 


. Paratype, UI X-6711. Obverse exterior surface of zoarial fragment illustrating aperture opening (arrow a), slight extension 


of aperture into fenestrule (arrow b), aperture placement at site of branch bifurcation (arrow c) and well-developed keel 
(arrow d), x 30. 

Holotype, UI X-6702. Large, well-preserved moderately ontogenetically thickened zoarial fragment. 4. Reverse exterior 
surface showing variation in fenestrule size and shape, and site of branch bifurcation (arrow), <8; 5. Obverse exterior 
surface. Observe terminal diaphragm capping aperture (arrow a), intermediate-size obverse stylets (arrow b), barlike 
expansions across dissepiment surface (arrow c), and loss of distinct zoarial features due to surficial covering by lamellar 
skeleton, x 30; 7. FL27, deep to mid longitudinal section, obverse to left, illustrating continuity of granular skeleton along 
reverse wall (arrow a), around autozooecial chambers, reverse microstylets (arrow b), and obverse nodes (arrow c). Note 
typical chamber outline in deep mid longitudinal view (arrow d), x70; 8. FL29, shallow to mid longitudinal section, 
obverse to left, showing autozooecial chamber outline in shallow (arrow a) and longitudinal (arrow b) views, 70. 


. Paratype, UI X-6750. TA65, transverse section of moderately ontogenetically thickened zoarial fragment showing con- 


tinuity of granular skeleton with longitudinal striae and microstylets (arrow a), across dissepiment between branches 
(arrow b) and thickened in the branch axis (arrow ¢c), x 70. 


. Paratype, UI X-6826. FD35, transverse section showing typical chamber shape and attitudinal relationship to plane of 


obverse surface (arrow a), obverse stylets (arrow b) and chamber plugged by thickened granular skeleton (arrow c), = 70. 
Paratype, UI X-6823. 10. FD20, transverse section showing continuity of granular skeleton with keel (arrow) and initial 
nodal development, x70; 11. FD21, shallow longitudinal section, obverse to mght, illustrating terminal diaphragm 
development (arrow a), apertural stylets (arrow b), and chamber outline in very shallow longitudinal view (arrow c), = 70. 
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Paratype, UI X-6828. FD38, shallow to deep tangential section of well-preserved poorial fragment. Note change in chamber 
outline from deep tangential (arrow a) to mid tangential (arrow b) and to shallow tangential (arrow c) views: also, longitudinal 
striae (arrow d) continuous with inner granular skeletal layer and microstylets developing atop striae along reverse surface (arrow 
e), and dissepiments (arrow f), x 40. 


. Paratype, UI X-6713. FL89, transverse section of dissepiment, distal to top and obverse to right, showing continuity of granular 


skeleton across center of dissepiment (arrow), x 70. 

Holotype, UI X-6702. FV69. 3. Shallow tangential section showing aperture outline (arrow a), apertural stylet developed at 
abaxial aperture edge (arrow b) and granular skeleton along center of branch over which keel (arrow c) develops from thickened 
lamellar skeletal material, x 70; 5. Shallow to deep tangential section illustrating nodes (arrow a) developed atop keel, and both 
shallow (arrow b) and mid (arrow c) tangential views of sites of branch bifurcation, = 25. 


. Paratype, UI X-6822. FD14, shallow to very shallow longitudinal section, obverse to left, illustrating granular skeleton at edge 


of branch continuous with that at developing dissepiment edge (arrow a) and most adaxial edge of aperture (arrow b) extending 
slightly into fenestrule opening, = 70. 


. Paratype, UI X-6750. TA67, shallow to mid tangential section. Note typical chamber outline in mid tangential view (arrow a), 


apertural stylets around aperture (arrow b) which fuse to form the peristome, continuity of granular skeleton across dissepiment 
(arrow c), and obverse node developing atop keel (arrow d), x70. 
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surface showing macrostylet development (arrow), fenestrule openings, and site of branch bifurcation, x8; 3. FG7, 
transverse section of dissepiment, distal to top and obverse to left, showing continuity of granular skeleton across middle 
of dissepiment (arrow), x 70; 5. Greatly enlarged obverse exterior surface. Note typical attitudinal relationship of aperture 
to plane of obverse surface (arrow a), peristome surrounding aperture and slight extension of aperture into fenestrule 
(arrow b), keel (arrow c), nodes atop keel (arrow d), and longitudinal ridges across dissepiment (arrow e), x 30; 6. Obverse 
exterior surface illustrating site of branch bifurcation (arrow) and typical mesh pattern, x 8; 7. FG52, shallow to shallow 
mid longitudinal section, obverse to left, showing continuity of granular skeletal material around chambers and with 
peristome at distal end of aperture (arrow), 70; 8. FG3, transverse section showing continuity of granular skeleton 
with longitudinal striae (arrow a), obverse nodes (arrow b), and across dissepiments (arrow c). Note moderately thickened 
lamellar skeleton (arrow d) covering reverse surface, x 70; 9. FG52, mid longitudinal section, obverse to left, illustrating 
typical chamber outline in this view (arrow a). Note pronounced increase in chamber depth when compared to shallow 
longitudinal section, and high reverse-wall budding-angle (arrow b), x 70; 10. FG3, deep mid to deep longitudinal section, 
obverse to left, showing typical chamber outline in deep mid longitudinal view (arrow a), terminal diaphragm (arrow 
b), and granular skeletal layer continuous around autozooecial chambers (arrow c), and with reverse microstylets (arrow 
d), x 70; 11. FG7, transverse section illustrating typical attitudinal relationship of aperture to plane of obverse surface 
(arrow a) and mid cross-sectional chamber outline (arrow b), x 70; 12. FG7, shallow longitudinal section, obverse to 
left, showing chamber outline in this view (arrow). Note greatly reduced thickness of lamellar skeleton in this zoarium, 
x70. 

Paratype, UI X-6721. Reverse exterior surface of highly ontogenetically thickened zoarial fragment showing increased 
size of macrostylets (arrow) and reduced fenestrule opening size due to thickening of branches by lamellar skeletal layer, 
x8. 

Paratype, UI X-6770. Reverse exterior surface of zoarial fragment exhibiting slight ontogenetic thickening of lamellar 
skeleton. Note longitudinal striae (arrow a), microstylets (arrow b), barlike ridge extending across reverse dissepiment 
surface (arrow c), and site of branch bifurcation (arrow d), = 30. 
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Holotype, UI X-6766. FG53. 1. Shallow tangential section showing node (arrow a) positioned atop and as Rraiecdon of keel (arrow 
b). Note attitudinal relationship of aperture (arrow c) to plane of obverse surface, x 70; 2. Shallow to mid tangential section illustrating 
typical mesh symmetry. Observe change in chamber outline from very shallow (arrow a), to shallow (arrow b) to shallow mid tangential 
section (arrow c), and continuity of granular skeleton across dissepiment (arrow d) between branches, = 70; 3. Mid to deep tangential 
section illustrating longitudinal striae (arrow a) extending along reverse chamber wall from which microstylets (arrow b) develop, 
and change in chamber outline from deep tangential (arrow c) near reverse-wall budding-site to mid tangential section (arrow d), 
x70. 
A= OMA DEFLOSTELIAICFASSALE MC WASDCCICS ere rn eT Tere Teae sana tsr OLAS ale Coke he AYO OALcES aur See RSE CIs Oe EE ne eoe ares 101 
4-6, 8, 9. Holotype, UI X-6737. Large, highly ontogenetically thickened zoarial fraemene 4. bere exterior GHEE TS showing typical 
mesh symmetry and sites of branch bifurcation, x 8; 5. Greatly magnified obverse exterior surface illustrating keel (arrow 
a), aperture opening (arrow b) and its attitudinal relationship to plane of obverse surface, site of branch bifurcation (arrow 
c), nodes (arrow d), and recessed dissepiment (arrow e) connecting branches, = 20; 6. FR7, transverse section Observe 
continuity of granular skeleton with reverse longitudinal striae (arrow a), keels and nodes (arrow b), and aperture opening 
(arrow ¢) illustrating typical attitudinal relationship of aperture to plane of obverse surface, x 70; 8. Reverse exterior surface 
illustrating fenestrule shape (arrow a) and site of branch bifurcation (arrow b). Note change in fenestrule outline from 
obverse (ovate) to reverse (elliptical) zoarial surfaces, x 4; 9. FR7, transverse section showing continuity of granular skeleton 
with reverse microstylets (arrow a) and across dissepiment (arrow b). Note typical chamber outline in cross-sectional view 
(arrow c), x70. 
7. Paratype, UI X-6740. FR37, shallow tangential section illustrating keel (arrow a) and complete peristome (arrow b) 
surrounding aperture, also shown is typical aperture outline in this view, x 70. 
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1, 8,9. Holotype, UI X-6737. 1. FRS, shallow longitudinal section, obverse to nght, abaxial edge of aperture (arrow a), and granular 
skeletal layer continuous across dissepiment (arrow b), = 70; 8. FR11, mid tangential section iliustrating continuity of 
granular skeleton across dissepiment (arrow), x 70; 9. FR12, deep tangential section. Observe autozooecial chamber outline 
near reverse-wall budding-site (arrow a) and continuity of lamellar skeletal layer with longitudinal striae, along branch 
(arrow b), and across dissepiment (arrow c), and microstylets developing as extensions of these striae (arrow d), = 70. 

2, 3,5, 6. Paratype, UI X-6738. 2. FR41, mid longitudinal section, obverse to left, illustrating typical chamber outline in this view 
(arrow a) and peristome developed at distal end of aperture (arrow b), = 70; 3. FR42, deep to mid longitudinal section, 
obverse to left, showing continuity of granular skeleton around autozooecial chambers (arrow a) and chamber outline in 
deep longitudinal view (arrow b), x 70; 5. FR41, very shallow longitudinal section, obverse to left, showing continuity of 
granular skeleton across dissepiment and with reverse microstylets (arrow), x 70; 6. FR42, mid longitudinal section, obverse 
to left, illustrating typical chamber outline in this view (arrow) and high reverse-wall budding-angle, = 70. 

4,7. Paratype, UI X-6740. 4. FR39, shallow to mid shallow tangential section showing recessed dissepiment relative to plane 
of obverse surface (arrow a) and dissepiment continuous between branches in deeper view (arrow b), autozooecial chamber 
outline in mid shallow section (arrow c), and peristome surrounding aperture exhibiting slight inflection into fenestrule in 
shallow section (arrow d), x 70; 7. FR37, mid tangential section illustrating typical chamber outline in this view (arrow a) 
and lack of apertural inflection into fenestrule (arrow b), = 70. 
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Holotype, UI X-6875. Large, well-preserved zoarial fragment exhibiting slight ontogenetic thicceniag! 1. Obverse exterior surface 
showing typical mesh symmetry and appearance, and sites of branch bifurcation (arrow), <8; 2. Enlarged obverse exterior surface 
view showing typical aperture surrounded by peristome (arrow a) and attitudinal relationship of aperture to fenestrule opening, keel 
(arrow b) atop which develop nodes (arrow c), site of branch bifurcation (arrow d), and longitudinal ridges across dissepiment (arrow 
e), x 20; 3. WR22, transverse section showing aperture (arrow a) and peristome surrounding aperture (arrow b) continuous with inner 
granular skeletal layer, x 70; 4. WR14, transverse section illustrating continuity of granular skeleton around autozooecial chamber 
(arrow a), with reverse longitudinal striae (arrow b) and nodes (arrow c), x 70; 5. WR1, mid to shallow longitudinal section, obverse 
to left, showing typical chamber outline in mid chamber (arrow a) and shallow longitudinal view illustrating edge of aperture extending 
into fenestrule (arrow b) and peristome (arrow c), x 70; 6. WR20, shallow tangential section showing peristome surrounding aperture 
(arrow a), keel (arrow b) with nodes developed atop keel (arrow c), site of branch bifurcation (arrow d), and continuity of granular 
skeleton across dissepiment (arrow e), x40; 7. WRS, mid longitudinal section, obverse to left, showing peristome continuous with 
granular skeletal layer (arrow), x 70; 8. WR15, deep to mid longitudinal section, obverse to left. Observe granular skeletal layer along 
reverse wall (arrow a), surrounding autozooecial chambers (arrow b), and obverse node (arrow c), x 70; 9. WR15, longitudinal section, 
obverse to left, showing change in chamber outline from moderately deep (arrow a) to mid shallow (arrow b) longitudinal view, x 70. 
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obverse stylets (arrow b), * 40; 2. WR20, very shallow to deep tangential section. Note typical chamber outline in mid tangential 

(arrow a) and mid shallow (arrow b) tangential view, continuity of granular skeleton across dissepiment (arrow c) and site of branch 

bifurcation (arrow d), x40; 3. WR20, deep tangential section illustrating granular skeletal composition of longitudinal striae (arrow), 

«40; 4. WR22, shallow to deep tangential section showing slight inflection of aperture into fenestrule (arrow a), chamber outline 

near reverse-wall budding-site (arrow b) and reverse microstylets (arrow c), * 40; 5. WR22, mid to mid shallow tangential section, 

illustrating typical chamber outline in mid shallow section (arrow), x40. 
6-12. Hemitrypa perstriata Ulrich, 1890... ; a ieane : decd. Ves 3G. tse Soe LOS 
6, 12. Figured specimen, UI X-6927. HB14. 6. Transverse section illustrating typical chamber profile in cross-section and terminal 
diaphragm (arrow) capping aperture, x 70; 12. Transverse section illustrating continuity of granular skeletal layer with 
longitudinal striae (arrow a), microstylets (arrow b), nodes (arrow c), and with peristome surrounding aperture (arrow d), 
x70. 

7-9, 11. Figured specimen, UI X-6848. 7. Obverse exterior surface of zoarial fragment showing typical poorly developed reticulate 
meshwork (arrow). Note widening of branch proximal and thinning distal to sites of branch bifurcation, = 8; 8. Enlarged 
obverse exterior surface showing typical aperture outline (arrow a) with aperture surrounded by well-developed complete 
peristome, obverse stylets (arrow b), and nodes (arrow c) positioned atop keel (arrow d), x 25; 9. Enlarged obverse exterior 
surface illustrating slight to moderate extension of aperture into fenestrule (arrow a) and onto dissepiment (arrow b). Note 
longitudinal ridge developed across obverse dissepiment surface (arrow c), x25; 11. Reverse exterior surface showing 
typical angular appearance of branches and dissepiments. Note variation in fenestrule outline from approximately hexagonal 
(arrow a) to rectangular (arrow b), medially thickened ridge across dissepiment surface, and site of branch bifurcation 
(arrow ¢c), x8. 

10. Figured specimen, UI X-6849. HB6, shallow longitudinal section, obverse to right, illustrating continuity of granular 
skeleton along reverse wall (arrow a), reverse microstylets (arrow b), and across dissepiment (arrow ¢c), = 40. 
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1. Figured specimen, UI X-6848. HB3, deep tangential section illustrating reverse view of longitudinal striae (arrow a), rows 
of microstylets developed atop these striae (arrow b), rounded fenestrule outline in mid deep tangential view (arrow c), and 
much more rhombic fenestrule outline in deep tangential section associated with sharp or angular appearance to reverse 
branch surface (arrow d), x 40. 

2, 10. Figured specimen, UI X-6927. HB14. 2. Transverse section showing sharp, angular appearance of reverse branch surface 
(arrow), x40; 10. Transverse section showing continuity of granular skeleton between branches (arrow), = 40. 

3. Figured specimen, UI X-6925. HB7, slightly tilted mid longitudinal section, obverse to right, illustrating well-developed 
zoarial support (arrow) extending from reverse zoarial surface, x 40. 

4, 6,8. Figured specimen, UI X-6849. 4. HB6, mid to deep longitudinal section, obverse to right, showing continuous granular 
skeletal layer (arrow a) extending along reverse wall and around autozooecial chambers, with same granular layer also 
continuous with microstylets (arrow b), nodes (arrow c), and obverse stylets (arrow d); also illustrated is typical chamber 
outline in mid longitudinal view (arrow e) and angular dissepiments (arrow f), x70; 6. Enlarged obverse exterior surface 
illustrating reticulate meshwork (arrow a) developed atop zoarial surface, with meshwork developing from nodes, keel, and 
dissepiment ridges along obverse surface (arrow b) and mesh intersection in middle of branch and middle of fenestrule, 
x 25; 8. HB6, shallow longitudinal section, obverse to right, showing continuity of granular skeleton across dissepiment 
(arrow a) and apertural extension into fenestrule at branch abaxial edge (arrow b), = 70. 

5. Figured specimen, UI X-6934. FA76, shallow mid longitudinal section, obverse to left, showing granular skeleton continuous 
with peristome at obverse edge of aperture (arrow a) and typical chamber outline in this view (arrow b), = 70. 

7,9. Figured specimen, UI X-6730. 7. Enlarged reverse exterior surface showing longitudinal ridges (arrow a) and reverse 
microstylets (arrow b), 30; 9. Enlarged obverse exterior surface showing typical aperture capped by centrally thickened 
terminal diaphragm (arrow a) and obverse stylets across dissepiment (arrow b) and atop branches, * 30. 
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1, 3, 4. Figured specimen, UI X-6849. HB57. |. Shallow to deep tangential section showing mesh symmetry characteristic of this 
species. Note longitudinal striae (arrow a), typical chamber outline near reverse-wall budding-site (arrow b), and irregular 
outline of fenestrule near obverse surface due to inflection of apertural adaxial edges into opening (arrow c) as compared to 
smooth elliptical fenestrule outline (arrow d) in mid tangential section and increasingly ovate (arrow e) to angular outline 
near reverse surface, x 20; 3. Mid to shallow tangential section showing typical chamber outline in mid tangential (arrow a) 
and in shallow tangential (arrow b) views, keel (arrow c) atop which develop obverse stylets (arrow d) and nodes (arrow e), 
and granular skeletal layer extending across dissepiment between branches (arrow f), x 40; 4. Shallow to very shallow tangential 
section. Observe slightly anastomosing or sinuous thickened keel (arrow a), near complete closure of fenestrule (arrow b) by 
thickened keel, typical attitudinal relationship of aperture to plane of obverse surface (arrow c) and peristome surrounding 
aperture (arrow d), x40. 

2. Figured specimen, UI X-6848. HB10, very shallow to shallow tangential section illustrating elongate node (arrow a) developed 
atop keel from which reticulate meshwork develops (arrow b), and intermediate-size obverse stylets (arrow c), x 70. 
5. Figured specimen, UI X-6924. HB13, shallow to deep tangential section showing site of branch bifurcation (arrow), x 20. 
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6. Figured specimen, UI X-6846. HB69, transverse section illustrating typical attitudinal relationship of aperture to plane of 
obverse surface (arrow a), longitudinal striae (arrow b) continuous with granular skeleton around autozooecial chambers, and 
thickened lamellar skeleton on reverse branch surface (arrow c), x 70. 

7. Figured specimen, UI X-6930. Reverse exterior view of large zoarial fragment showing typically rectangular, variably sized 
fenestrules (arrows a and b), x8. 
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1-3. Figured specimen, UI X-6930. 1. Obverse exterior surface of large zoarial fragment illustrating intermediate to poor 
development of reticulate meshwork across obverse surface that exhibits typical mesh symmetry for this species. Arrow 
denotes site of branch bifurcation, x8; 2. Enlarged obverse exterior surface showing aperture (arrow a) exhibiting typical 
outline and attitudinal relationship to plane of obverse surface, peristome surrounding aperture, large nodes (arrow b), 
and poorly developed ridges across obverse dissepiment surface (arrow c), x25; 3. Enlarged exterior view of obverse 
surface partially covered by reticulate meshwork (arrow) that is typical of this species, 25. 

4-6, 8,9. Figured specimen, UI X-6844. 4. Enlarged obverse exterior surface showing aperture capped by centrally thickened 
terminal diaphragm (arrow a), inflection of aperture into fenestrule (arrow b), and intermediate-width keel (arrow c) atop 
which nodes develop (arrow d), x25; 5. Enlarged obverse exterior surface illustrating highly enlarged nodes (arrow) 
expanded to form reticulate meshwork which has been removed (probably during transport of specimen), x 25; 6. Enlarged 
reverse exterior surface showing macrostylet (arrow a) located at site of branch bifurcation, microstylets (arrow b), and 
typical fenestrule outline (arrow c), x 25; 8. Enlarged obverse exterior surface showing heterozooecia (ovicells?) developing 
as intermediate-size enlargements of autozooecial apertures (arrows a and b), x25; 9. FM8, transverse section showing 
continuity of granular skeleton (arrow) across dissepiment between branches, x 70. 

7, 11. Figured specimen, UI X-6932. HB23. 7. Mid to deep longitudinal section, obverse to left, showing typical chamber outline 

in deep longitudinal view (arrow a) and obverse node (arrow b) connecting with inner granular skeletal material, x 40; 
11. Mid longitudinal section, obverse to left, showing granular skeletal layer (arrow a) and typical autozooecial chamber 
outline (arrow b), and large reverse-wall budding-angle, < 40. 

10. Figured specimen, UI X-6928. HB29, mid shallow to deep longitudinal section, obverse to left. Note granular skeletal 
layer continuous along reverse wall (arrow a) and surrounding autozooecial chambers; also shown are microstylets (arrow 
b), reticulate meshwork (arrow c), nodes (arrow d) of granular skeletal material connecting with reticulate meshwork, 
thickened nodes toward more medial section (arrow e), obverse stylets (arrow f) continuous with granular skeleton, and 
apertures capped by terminal diaphragms (arrow g) of granular skeletal material, = 70. 

12. Figured specimen, UI X-6931. HB24, shallow longitudinal section, obverse to right, showing granular skeletal layer 
continuous across middle of dissepiment between branches (arrow), x 40. 
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Figured specimen, UI X-6930. HB26. 1. Shallow to dicen teneeatial section ciowice oral mesh symmetry and longitudinal 
striae (arrow a) continuous with reverse microstylets (arrow b). Note inflection of autozooecial apertures into fenestrule 
(arrow ¢) causing slight closing of fenestrule toward obverse surface, x40; 2. Deep tangential section showing reverse 
microstylet development in rows along branch (arrow a) and across dissepiment (arrow b), x70; 7. Shallow tangential 
section illustrating thickened keel (arrow a) atop which develop nodes (arrow b) and obverse stylets (arrow c) all composed 
of granular skeletal material. Note reticulate meshwork (arrow d) developing as lateral extension of keel and nodes, and 
general appearance of meshwork in shallow tangential view (arrow e), * 70. 

Figured specimen, UI X-6933. HB33. 3. Transverse section showing typical branch profile in cross-section and attitudinal 
relationship of aperture to plane of obverse surface (arrow), x70; 4. transverse section showing granular skeletal layer 
(arrow a) continuous around autozooecial chamber, and obverse node (arrow b), = 70. 

Figured specimen, UI X-6844. 5. FM9, mid longitudinal section, obverse to left, showing typical chamber outline (arrow) 
in this view, x 70; 6. FM10, shallow to mid longitudinal section, obverse to left, showing typical chamber outline (arrow) 
in shallow longitudinal view, x 70; 8. FM56, shallow to deep tangential section illustrating typical chamber outline in mid 
tangential view (arrow a), outline of enlarged heterozooecial chamber (arrow b), chamber shape at site of branch bifurcation 
(arrow c), extension of autozooecial aperture into fenestrule opening (arrow d), recessed dissepiment (arrow e), and continuity 
of granular skeletal layer across dissepiment (arrow f), x 40; 9. FM57, shallow to mid tangential section showing changing 
autozooecial chamber outline from shallow (arrow a) to mid (arrow b) tangential view, x40. 
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1-3, 6-10. Holotype, UI X-6867. Large, well- saan zoarial fragment enim extremely well- developed Penculate meshwork 

characteristic of this species. 1. Obverse exterior surface illustrating thickened rows of meshwork atop branches (arrow 
a) compared to recessed, narrower rows between branches (arrow b), and in the muddle of dissepiments and fenestrules; 
also note bifurcation of meshwork (arrow c) at site of branch bifurcation, x8; 2. Reverse exterior surface showing 
variation in fenestrule size, when comparing fenestrule at arrow a with fenestrule at arrow b, due to variation in thickening 
of lamellar skeletal layer, well-developed zoarial supports (arrow c) extending from reverse zoarial surface, and site of 
branch bifurcation (arrow d), x 8; 3. Enlarged obverse exterior surface of reticulate meshwork. Observe variation in mesh 
outline, varying from approaching square (arrow a) to hexagonal (arrow b), and typical four small projections into mesh 
openings (arrow c), x25; 6. HB94, deep to shallow longitudinal section, obverse to right, illustrating well-developed 
zoarial support (arrow a) projecting from reverse zoarial surface, enlarged dissepiments due to thickened lamellar skeletal 
layer (arrow b), centrally thickened terminal diaphragm with central granular skeletal spine (arrow c), typical chamber 
outline in mid longitudinal view (arrow d) and at abaxial edge of branch (arrow e), x40; 7. HB89, transverse section 
illustrating typical attitudinal relationship of aperture opening (arrow a) to plane of obverse surface, granular skeletal 
material composing reticulate meshwork (arrow b) and continuous with granular skeleton around autozooecial chambers 
(arrow c) and with reverse microstylets (arrow d), x 70; 8. HB89, transverse section showing granular skeletal layer 
continuous with node (arrow a) which develops along middle of obverse surface atop keel to become centrally thickened 
ridge (arrow b) of reticulate meshwork (arrow c). Note typical chamber outline in mid transverse view (arrow d), x 40; 
9. HB89, deep to mid longitudinal section, obverse to right, illustrating chamber outline in deep longitudinal view (arrow 
a), and granular skeletal layer (arrow b) surrounding autozooecial chambers and continuous with reverse microstylets 
(arrow c), nodes developing into initial reticulate meshwork (arrow d), reticulate meshwork itself (arrow e), and obverse 
stylets (arrow f), «70; 10. HB89, mid to shallow longitudinal section, obverse to right, showing continuity of granular 
skeletal layer across dissepiment (arrow a) and typical chamber outline (arrow b) in mid longitudinal view, x40. 

4. Paratype, UI X-6865. Enlarged obverse exterior surface illustrating aperture with well-developed surrounding peristome 
(arrow a), centrally thickened terminal diaphragm (arrow b), nodes (arrow c) located atop keel along branch midline; 
also note initiation of reticulate meshwork atop branch (arrow d) and longitudinal ridges (arrow e) atop dissepiment 
surface, x25. 

5. Paratype, UI X-6866. Enlarged obverse exterior surface showing inflection of adaxial apertural edge into fenestrule 
opening (arrow a) and obverse stylet positioned near site of branch bifurcation (arrow b), x25. 
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1, 2,5, 6, 8. Holotype, UI X-6867. 1. HB89, mid to shallow longitudinal section, obverse to right, illustrating typical autozooecial 


chamber outline in mid shallow longitudinal view (arrow a), abaxial apertural edge projecting into fenestrule (arrow b), 
centrally thickened terminal diaphragm (arrow c), peristome (arrow d) at distal edge of aperture and continuous with 
granular skeletal layer, and from which obverse spines (arrow e) project and which are connected to the reticulate 
meshwork (arrow f). Note stylets projecting into fenestrule (arrow g), = 70; 2. HB86, mid to very shallow tangential 
section. Note well-developed peristome (arrow a) surrounding aperture, nodes (arrow b) that when enlarged become 
part of reticulate meshwork (arrow c), which is composed of granular skeletal material (arrow d), obverse stylets (arrow 
e), recessed dissepiments (arrow f) and projections of apertures into fenestrule opening (arrow g), x40; 5. HB86, mid 
to very shallow tangential section showing stylets (arrow a) developing as projections of peristome surrounding aperture 
(arrow b), and thick keel (arrow c) from which projections develop to form the reticulate meshwork (arrow d), = 20; 6. 
HB86, shallow to deep tangential section. Observe pronounced projections of apertures into fenestrules (arrow a) near 
obverse surface not evident in mid tangential view (arrow b), where fenestrule outline is elliptical, fenestrule approaching 
rectangular (arrow ¢c) in deep tangential view near reverse surface; note chamber outline at site of branch bifurcation 
(arrow d), x 20; 8. HB86, mid shallow to deep tangential section showing typical chamber outline near obverse surface 
(arrow a), in mid tangential view (arrow b) and near reverse-wall budding-site (arrow c); also shown are longitudinal 
striae (arrow d) from which reverse microstylets develop, x 40. 

Paratype, UI X-6866. 3. HB39, deep tangential section showing numerous well-developed microstylets (arrow), x40; 
4. Reverse exterior surface showing typical fenestrule outline (arrow) in zooecial fragment exhibiting little secondary 
thickening of lamellar skeleton, = 8. 


. Paratype, UI X-6865. HF94, transverse section illustrating branch spacing and continuity of granular skeleton between 


branches (arrow) across dissepiment, = 40. 
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1. Figured specimen, UI X-6852. Obverse exterior surface of well-preserved zoarial fragment showing site of branch 
bifurcation (arrow a) and reticulate meshwork (arrow b) covering obverse surface, x 8. 

2-5. Figured specimen, UI X-6854. Highly ontogenetically thickened zoarial fragment. 2. Enlarged reverse exterior 
surface illustrating longitudinal striae (arrow a), macrostylets (arrow b), microstylets (arrow c) and positioning of 
both macrostylets and microstylets across reverse branch and dissepiment surfaces, x25; 3. Enlarged obverse 
exterior surface illustrating aperture (arrow a) capped by centrally thickened terminal diaphragm, nodal development 
(arrow b) with nodes and keel extending outward to form reticulate meshwork (arrow c), and longitudinal ridge 
developed across obverse dissepiment surface (arrow d), which also extends outward to form meshwork, x 25; 4. 
Reverse exterior surface showing macrostylet development toward proximal end of zoarium (arrow) and lack of 
macrostylets at distal zoarial end, x8; 5. Enlarged obverse exterior surface illustrating typical appearance of well- 
developed reticulate meshwork (arrow a) and inflections (arrow b) into mesh openings due to enlargement of nodes, 
x25. 

6, 7, 10, 11, 13. Figured specimen, UI X-6856. Well-preserved zoarial fragment exhibiting slight ontogenetic thickening. 6. Enlarged 
reverse exterior surface showing initial macrostylet development (arrow), x 25; 7. Enlarged obverse exterior surface 
illustrating development of reticulate meshwork (arrow) extending from atop nodes, keel, and dissepiment. Note 
well-developed rounded inflections into meshwork openings, x 25; 10. HF98, shallow to very shallow longitudinal 
section, obverse to left, showing typical chamber outline in shallow longitudinal view (arrow) and height of reticulate 
meshwork above branch surface, x 40; 11. HF94, transverse section illustrating aperture opening (arrow a) and its 
attitudinal relationship to plane of obverse surface, granular skeleton continuous with longitudinal striae (arrow b), 
around autozooecial chambers, and with obverse nodes (arrow c). Note reticulate meshwork covering obverse 
surface (arrow d), x 70; 13. HF98, deep longitudinal section, obverse to right. Observe typical chamber outline in 
deep longitudinal view (arrow a), thick granular skeletal layer (arrow b) continuous around autozooecial chambers, 
and with reverse microstylets (arrow c), macrostylets (arrow d), obverse nodes (arrow e), and reticulate meshwork 
which forms in part as an extension of these nodes, x 40. 

8, 12. Figured specimen, UI X-6857. 8. HF60, mid longitudinal section, obverse to right, illustrating chamber size and 
outline (arrow) and spacing of reticulate meshwork above obverse surface, x 40; 12. HF64, mid to shallow longi- 
tudinal section. Note continuity of granular skeleton of stylets with reticulate meshwork (arrow) covering obverse 
surface, x 70. 

9. Figured specimen, UI X-6940. Enlarged obverse exterior surface illustrating keel (arrow a), obverse stylets formed 
across branch surface (arrow b), nodes (arrow c) atop keel, and heterozooecia (arrow d) probably representing 
ovicells and developing as pronounced enlargements of some apertures, x 25. 
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Figured specimen, UI X-6857. 1. HF64, mid longitudinal section, obverse to right, illustrating typical chamber outline in this 
view (arrow a) and terminal diaphragm capping aperture (arrow b), relatively high reverse-wall budding-angle (arrow c) and 
well-developed reticulate meshwork (arrow d), x 70; 2. HF61, deep to shallow tangential section. Note extension of apertures 
into fenestrule (arrow a) causing inflections in fenestrule outline near obverse surface with lack of such inflections in mid 
tangential view (arrow b), reverse longitudinal striae (arrow c), macrostylets (arrow d), chamber arrangement at site of branch 
bifurcation (arrow e), and continuity of granular skeleton across dissepiment (arrow f), x 20; 3. HF67, shallow tangential section 
illustrating autozooecial aperture (arrow a) and sequence of mesh development from keel (arrow b) to node (arrow c) to layer 
of granular skeletal material bridging between nodes to form the base of the reticulate meshwork (arrow d), x 40; 4. HF67, mid 
to shallow tangential section showing autozooecial aperture enlarged to become heterozooecium (ovicell?) (arrow), = 40. 
Figured specimen, UI X-6856. 5. HF99, shallow to deep tangential section of zoarial fragment showing changing chamber 
outline from near reverse-wall budding-site (arrow a), to mid chamber view (arrow b), to near obverse surface (arrow c). Observe 
longitudinal striae (arrow d) from which microstylets (arrow e) and macrostylets (arrow f) develop; also shown are obverse 
stylets (arrow g), *40; 6. HF100, very shallow tangential section of reticulate meshwork showing mesh initiation from nodes 
on obverse surface (arrow a), and thick mesh (arrow b) composed of granular skeletal material, x40. 


Figured specimen, UI X-6884. HF25, transvers section showing typical close spacing of branches and extension of longitudinal 
striae (arrow) laterally, connecting to form dissepiment, * 40. 
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1, 2, 7. Figured specimen, UI X-6864. Large, well-preserved zoarial fragment exhibiting moderate ontogenetic thickening and well- 
developed reticulate meshwork. |. Obverse exterior surface showing pronounced thickening along branch midline (arrow 
a) and bifurcation of branches (arrow b) evident in pattern of overlying reticulate meshwork, x 8; 2. Reverse exterior surface 
illustrating variation in fenestrule outline from ovate (arrow a) to elliptical (arrow b), and site of branch bifurcation (arrow 
c), <8; 7. HF25, transverse section showing typical branch spacing, x 40. 

3. Figured specimen, UI X-6865. HF18, shallow to deep longitudinal section, obverse to right, illustrating typical chamber 
outline in deep longitudinal view (arrow a) and granular skeletal layer (arrow b) continuous across dissepiment, x 40. 

4,5. Figured specimen, UI X-6880. 4. Enlarged obverse exterior surface view of reticulate meshwork showing thickened mesh 
along branch midline (arrow a) and thinned meshwork between branches (arrow b); also note small inflections into mesh 
(arrow c) along the edges of mesh openings, x 25; 5. Enlarged obverse exterior surface showing heterozooecia (ovicells?) 
(arrow a) developing as enlargements of some apertures, complete peristome (arrow b) surrounding autozooecial aperture, 
aperture position at site of branch bifurcation (arrow c), keel (arrow d), and node (arrow e) atop keel, obverse stylet (arrow 
f), and longitudinal ridges developed atop dissepiments (arrow g), x25. 

6, 8. Figured specimen, UI X-6882. HF28. 6. Shallow longitudinal section, obverse to left, showing cross-section of dissepiment 
with continuity of granular skeleton across middle (arrow), x 40; 8. Shallow to mid longitudinal section, obverse to right, 
illustrating typical chamber outline in shallow longitudinal view (arrow) x 40. 

9. Figured specimen, UI X-6881. HF29, deep tangential section showing longitudinal striae (arrow a) from which rows of 
microstylets (arrow b) develop. These become increasingly irregularly positioned (arrow c) in deepest section toward reverse 
zoarial surface, x40. 

10. Figured specimen, UI X-6883. HF34, transverse section illustrating terminal diaphragm (arrow a) across aperture, which 
exhibits typical attitudinal relationship of opening to plane of obverse surface, continuity of granular skeletal material around 
autozooecial chambers, with longitudinal striae (arrow b), microstylets (arrow c), and nodes (arrow d), x70. 
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1, 5. Figured specimen, UI X-6881. 1. HF17, shallow to deep tangential section illustrating typical autozooecial chamber outline 


Ww 


in mid tangential view (arrow a) as compared to outline in shallow tangential view (arrow b), site of branch bifurcation in 
mid chamber view (arrow c), and fenestrule outline in deep (arrow d), mid (arrow e), and mid shallow (arrow f) tangential 
view, x20. 5. HF33, mid to deep tangential section showing autozooecial chamber outline near reverse-wall budding-site 
(arrow a) and continuity of granular skeletal material between branches in middle of dissepiment (arrow b), x 20. 


. Figured specimen, UI X-6864. 2. HF35, shallow tangential section showing aperture (arrow a) surrounded by complete 


peristome, heterozooecium (arrow b) probably representing ovicell, obverse stylets (arrow c) projecting from top of recessed 
dissepiment, keel (arrow d), and nodes (arrow e) developing as extension of keel, «40; 3. HF35, shallow tangential section 
of reticulate meshwork illustrating nodes (arrow a) with stylets (arrow b) developing atop keel between nodes, initial reticulate 
meshwork developmentas extensions of node, dissepiment, and keel (arrow c), increasing thickening of mesh granular skeleton 
(arrow d), with four inflections into mesh opening in most shallow view, and stylets of granular skeleton (arrow e) connecting 
with mesh. Note that each opening or hole in the meshwork corresponds to one aperture opening on the obverse surface, 
x 40: 6. HF27, tangential section of reticulate meshwork illustrating typical mesh pattern and inflections into mesh opening 
(arrow), x 20. 


. Figured specimen, UI X-6863. HF20, shallow to deep longitudinal section, obverse to left, illustrating terminal diaphragm 


(arrow a) capping autozooecial chamber that exhibits a typical outline in mid longitudinal view, aperture extension into 
fenestrule at abaxial branch edge (arrow b), granular skeletal layer surrounding autozooecial chambers (arrow ¢c) continuous 
with reverse microstylets (arrow d), nodes (arrow e), reticulate meshwork (arrow f), and thinned meshwork (arrow g), not 
continuous with nodes, bridging obverse surface, x 70. 
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Enlarged obverse exterior surface illustrating incomplete peristome surrounding all but most proximal to proximal— 
adaxial edge of aperture (arrow a), moderate projection of aperture into fenestrule, keel (arrow b) atop which nodes 
develop (arrow c). Note longitudinal ridges across dissepiments (arrow d), = 30; 2. Exterior side view of dextrally 
spiraling central axis showing typical axial shape and areas at the outer edge of axial whorls (arrow) where branches 
have been broken from spiral, x 7.5; 5. Reverse exterior surface of mesh exhibiting moderate thickening due to 
addition of lamellar skeleton during ontogeny and illustrating typical fenestrule size and shape (arrow a), and site 
of branch bifurcation (arrow b), x15; 8. Exterior side view of dextrally spiraling central axis showing angle at 
which whorls diverge from plane of axis (arrow), <6; 10. AN88, shallow mid to mid longitudinal section, obverse 
to right, showing typical chamber outline in mid longitudinal section (arrow a) and continuity of granular skeletal 
material with peristome (arrow b), x 70; 11. AN58, transverse section showing autozooecial aperture (arrow a) 
and typical attitudinal relationship of aperture to plane of obverse surface, and granular skeletal layer continuous 
with longitudinal striae (arrow b) and around autozooecial chambers, x70. 

3, 4, 6, 12, 13. Lectotype, ISGS (ISM) 2785-2. 3. Exterior side view of sinistrally spiraling zoarial axis attached to zoarial mesh 
(arrow) radiating outward from branch axis, = 3; 4. Reverse exterior surface of zoarial mesh illustrating typical 
fenestrule shape and size (arrow a). Note fenestrule almost closed by thickened lamellar skeleton at edge of spiral 
axis (arrow b) and longitudinal striae (arrow c) along reverse branch surface, x12; 6. Enlarged obverse exterior 
surface showing typical mesh symmetry and site of branch bifurcation (arrow), x 30; 12. AN42, transverse section 
showing two branches joined by dissepiment (arrow) across which extends granular skeletal material continuous 
around autozooecial chambers, x70; 13. AN42, transverse section illustrating typical spacing of branches and 
chamber outline in mid transverse view, = 70. 

7,9. Paralectotype, ISGS (ISM) 2785-1. 7. Exterior side view of sinistrally spiraling central axis illustrating delicate 
axis in this species (arrow a) and mesh (arrow b) developing at edge of axial whorls, x 3; 9. AN9, mid shallow to 
deep longitudinal section, obverse to left, illustrating typical autozooecial chamber outline in deep view (arrow 
a), highly elongate vestibule (arrow b) in mid longitudinal autozooecial chamber view. Note plugging of aperture 
by thickened lamellar skeleton composing central axis (arrow c), x 70. 
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Paralectotype, ISGS (ISM) 2785-1. AN2, transverse view of zoarial axis exhibiting sinistral spiraling as viewed toward proximal 
end of zoarium. Observe transverse section of central axial branch (arrow a), flattening of mesh in tangential section at edge of 
whorl (arrow b), and fenestrule (arrow c) in tangential view; also shown is reorientation of mesh during spiraling from middle 
to lateral edge of axis, x 40. 


. Lectotype, ISGS (ISM) 2785-2. 2. AN47, shallow to mid tangential section illustrating extension of abaxial aperture margin 


into fenestrule (arrow a) causing inflection in fenestrule outline near obverse surface, lack of inflection in mid tangential view 
(arrow b) of fenestrule, typical chamber outline in shallow tangential view (arrow c) and incomplete peristome surrounding all 
but proximal to proximal—adaxial edge of aperture with apertural diaphragm (arrow d), x 70; 3. AN49, shallow to mid tangential 
section showing well-developed incomplete peristome (arrow a) and slight inflection of aperture opening onto dissepiment (arrow 
b), = 70; 4. AN44, mid shallow to mid tangential section showing typical mesh symmetry, and continuity of granular skeleton 
(arrow) across dissepiment, there forming single longitudinal ridge across dissepiment obverse surface, x 70; 5. AN49, shallow 
to deep tangential section illustrating typical chamber outline in mid tangential view (arrow a), chamber outline near reverse- 
wall budding-site (arrow b), and longitudinal striae (arrow c), connected with granular skeletal material which also connects 
with reverse microstylets (arrow d), = 70. 


. Figured specimen, UI X-7009. AN24, section cutting along central plane of sinistrally spiraling axis, illustrating change in central 


axial branch orientation from proximal to distal end of axial fragment. Spiraling central axial branch is well-documented in this 
figure, showing longitudinal section (arrow a) with obverse to left near proximal end of axial fragment, becoming a tangentially 
oriented branch (arrow b) in middle of axial fragment, shifting toward longitudinal (arrow c) toward distal end and at most 
distal edge of axial fragment becoming a longitudinal section (arrow d) with obverse now to right; fenestrule (arrow e) and 
apertures surrounded by peristome (arrow f) are visible in mid axis tangential view, x 35. 
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(arrow a) showing aperture plugged by lamellar skeleton of axis, granular skeletal layer continuous around autozooecial chambers 
and with reverse longitudinal striae (arrow b) and microstylets (arrow c), and flattening of mesh at edge of axis (arrow d). View 
is toward proximal end of axis, with lateral branches developing to the left of the axial branch in dextral spiraling, x 79; 2. 
AN81, longitudinal section near center of dextrally spiraling axis showing axial whorls (arrow a) and thickened lamellar skeletal 
layer forming bulk of central axis (arrow b), x20; 3. AN56, shallow to deep longitudinal section, obverse to right, showing 
typical chamber outline in mid longitudinal view (arrow a), and continuity of granular skeletal layer with obverse nodes (arrow 
b) and across dissepiment (arrow c), x 70. 

4. Paralectotype, ISGS (ISM) 2785-1. AN10, mid to shallow longitudinal section, obverse to left, showing continuity of granular 
skeletal material continuous with peristome (arrow), x 70. 
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5, 9. Paralectotype, ISGS (ISM) 2790. 5. Exterior side view of two central axes having a common point of origin (arrow a), exhibiting 

both dextral (arrow b) and sinistral (arrow c) spiraling within the same zoarium. Note abundant zoarial supports developed on 
reverse mesh surfaces, x 2; 9. Other side of zoarial fragment shown in figure 5 above, illustrating common source (arrow a) 
from which both dextral (arrow b) and sinistral (arrow c) spiraling are observed. Oppositely coiled spirals of this nature as 
extensions of one zoarium are commonly observed in Archimedes, <1. 

6. Figured specimen, UI X-6993. Reverse exterior mesh surface illustrating variation in fenestrule outline (arrow) as a result of 
thickening of lamellar skeletal layer during ontogeny, * 6. 

7. Figured specimen, UI X-6973. AM41, transverse section showing typical branch and autozooecial chamber outline in this view, 
x 40. 

8. Figured specimen, UI X-6983. Exterior side view of well-preserved zoarial fragment illustrating well-developed central axis 
(arrow a), reverse mesh surface extending outward from axis (arrow b), and obverse surface (arrow c) extending outward from 
axis showing slightly concave mesh, ~ 2. 
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by lamellar skeleton extending for moderate distances laterally from edge of axis (arrow a) and zoarial supports formed 
from reverse mesh surfaces (arrow b), x 2; 2. Exterior side view of sinistrally spiraling central axis illustrating pronounced 
thickening of lamellar skeleton along reverse mesh surface (arrow a), reverse mesh surface without overgrowths (arrow 
b) and zoarial support (arrow c) with three prongs extending toward distal end of support, x 1; 3. Obverse exterior surface 
of mesh exhibiting partial (arrow a) to complete (arrow b) overgrowth of obverse surface by thickened lamellar skeleton, 
x6. 


. Figured specimen, UI X-7001. 4. Enlarged obverse exterior surface of extremely well-preserved zoarial fragment illustrating 


incomplete peristome (arrow a) partially surrounding aperture with gap (arrow b) at proximal to proximal-adaxial apertural 
edge. Note extension of aperture into fenestrule opening, aperture position at site of branch bifurcation (arrow ¢) with 
centrally thickened terminal diaphragm capping aperture, and keel (arrow d) atop which are positioned nodes (arrow e), 
x 30; 5. Enlarged obverse exterior surface showing site of branch bifurcation (arrow a) and single ndge (arrow b) extending 
across dissepiment, x 30; 7. Obverse exterior surface illustrating typical mesh pattern in this species, x 10; 8. Enlarged 
reverse exterior surface of mesh illustrating variation in fenestrule shape (arrows a and b) as observed in reverse surficial 
view. Pronounced variation in reverse surface is a result of secondary overgrowths of lamellar skeleton on the reverse 
zoarial mesh surface, x 24. 

Figured specimen, UI X-7006. Exterior side view of sinistrally spiraling zoarial fragment illustrating typical form of 
central axis (arrow) and axial whorls from which zoanal mesh emerges, x 2. 

Figured specimen, UI X-6985. AQ7. 9. Transverse section showing aperture capped by centrally thickened terminal 
diaphragm (arrow a) and exhibiting typical attitudinal relationship to plane of obverse surface. Note granular skeletal 
layer continuous with longitudinal striae (arrow b) and around autozooecial chambers (arrow c) as well as thickened 
lamellar skeletal layer covering reverse branch surface, x 70; 10. Mid to deep longitudinal section, obverse to right, 
illustrating typical chamber outline in mid longitudinal section (arrow a), and granular skeletal layer continuous with 
obverse nodes (arrow b), around autozooecial chambers (arrow c) and with reverse microstylets (arrow d), x 70. 
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branches. Note great thickening of reverse lamellar skeletal layer (arrow a) and continuity of granular skeleton with reverse 
microstylets (arrows b and c), x 70; 2. AO2, shallow to deep tangential section showing aperture capped by terminal diaphragm 
(arrow a), chamber outline near reverse-wall budding-site (arrow b), and longitudinal striae continuous with reverse microstylets 
(arrow c), initially occurring in rows which become more randomly positioned across reverse branch surface with ontogeny, 
x40; 3. AO7, mid shallow to very shallow longitudinal section, obverse to nght, illustrating typical chamber outline in this 
view and significant ontogenetic thickening (arrow) of lamellar skeleton along reverse branch surface, 70; 4. AO7, very shallow 
to mid shallow longitudinal section, obverse to right, showing aperture in most shallow tangential view (arrow a) extending into 
fenestrule opening and onto distal part of dissepiment, typical chamber outline in mid shallow longitudinal view (arrow b) and 
thickened lamellar skeletal layer across dissepiment (arrow c), = 70. 

5, 7. Figured specimen, UI X-6986. 5. AO47, shallow to mid tangential section illustrating heterozooecia (ovicells?) with central 
perforation (arrow a) and multi-generation heterozooecial development partially plugging fenestrule (arrow b), * 70; 7. AO48, 
very shallow to deep longitudinal section, obverse to left, showing typical autozooecial chamber outline in deep (arrow a) and 
mid (arrow b) longitudinal views, thin lamellar skeletal layer (arrow c) due to positioning of this zoarial fragment a pronounced 
distance laterally away from central axis, and reverse zoarial support development (arrow d), x 40. 

6. Figured specimen, UI X-6971. AG8, mid tangential section. Note typical autozooecial chamber outline in this view (arrow a), 
lack of apertural inflection into fenestrule (arrow b) in mid tangential view, and chamber outline at site of branch bifurcation 
(arrow c), x70. 
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1. Figured specimen, UI X-6986. AO47, shallow tangential section illustrating common heterozooecia (ovicells?) (arrow) developed 
locally across zoarial obverse surface, = 70. 

2,6. Figured specimen, UI X-6971. 2. AG8, mid to deep tangential section illustrating heterozooecia (arrow a) rimmed by lamellar 
skeletal layer and containing a central perforation (arrow b) giving it a doughnut-like appearance, typical chamber outline in 
mid tangential view (arrow c), and continuity of granular skeletal layer around autozooecial chambers and across dissepiment 
(arrow d), x 70; 6. Exterior side view of central axis with mesh attached (arrow) illustrating angle of mesh with axis, 2. 

3, 7. Figured specimen, UI X-6973. 3. AM40, section cutting along central plane of sinistrally spiraling axis illustrating change in 
central axial branch orientation from slightly askew tangential (arrow a), to longitudinal with obverse to left (arrow b), and back 
to tangential section (arrow c) at distal end of axis, x40; 7. AM46, section cutting along central plane of sinistrally spiraling 
axis with central axial branch exhibiting change of branch orientation (/.e., changing direction of obverse branch surface), which 
results in spiraling axis. Observe longitudinal section with obverse to left (arrow a), branch facing outward from page and 
becoming a tangential section distally (arrow b), and finally a nearly 180° turn is completed toward most distal end of axial 
section shown with obverse branch now to right (arrow c). Thick lamellar skeletal material comprises the axis, x 20. 

4, 5. Figured specimen, UI X-7001. 4. AMS, mid to deep tangential section. Note longitudinal striae (arrow a) continuous with 
granular skeletal material that also connects with reverse microstylets (arrow b), and fenestrule outline in mid (arrow c) and 
deep (arrow d) tangential view, showing increase in fenestrule dimensions, x40; 5. AM21, very shallow to deep tangential 
section illustrating aperture outline in most shallow tangential view (arrow a), with aperture surrounded by peristome and 
capped by terminal diaphragm. Note change in autozooecial chamber size as aperture is connected to chamber at proximal edge 
(arrow b), autozooecial chamber outline in mid tangential view (arrow c) and near reverse-wall budding-site (arrow d), and 
nodes (arrow e) positioned atop keel, < 40. 
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Figured specimen, UI X-6973. 1. AM42, section cutting plane of central axis showing whorl aevclopment (arrows a and b) as a result 
of thickened lamellar skeleton (arrow c) covering mesh surfaces laterally away from axial branch. Note obverse surface always faces 
upward in life position, x 12. 2. AM40, longitudinal section of spiral axis showing whorl (arrow a) connected to central axial branch 
which changes orientation with spiraling (arrow b), = 20. 
B= MPA CHIMEACSAWOFLRENt (ELAll pli S Oi) mre eircre recor earsnces ore eave ear see Bic yahe ee Kone eve Toten here sonrb FPN SRS SOURS rede VTL ee Seales sve eeeioke 130 
3. Figured specimen, UI X-6991. Reverse exterior view of mesh SHORInE eqdtel mesh mete ena a) adjacent to area overgrown 
by lamellar skeleton (arrow b). Such overgrown areas appear to represent healing of injured or broken areas of zoarial meshwork, 
x2. 
4, 6. Figured specimen, UI X-7014. 4. Dextrally spiraling central axis developed distal (arrow) to inferred ancestrula, <6; 6. Site of 
initial axial development at apparent distal end of mesh. Observe tip of thickened branch edge possibly representing ancestrula 
(arrow a) from which single thickened branch develops (arrow b). Mesh extends outward from one side of branch as suggested 
by fenestrule development (arrow c), with initial spiral observed shortly in distal direction (arrow d), x 24. 
5. Figured specimen, UI X-6992. Exterior side view of well-preserved dextrally spiraling specimen showing thick central axis 
(arrow a) with mesh still attached to axis and extending outward at angle characteristic of that in life (arrows b and c). Observe 
area at edge of axis (arrow d) where mesh is partially overgrown by thickened lamellar skeleton of axis, and typical pattern of 
reverse mesh (arrow e), which radiates outward from axis, x 2. 
7. Figured specimen, UI X-6995. Exterior side view of dextrally spiraling central axis (arrow a) showing zoarial supports (arrow 
b) developed between whorls as extensions of reverse zoarial (axial) surface (arrow c). Note thickened edge of axis from which 
mesh projects (arrow d), x 2. 
8. Topotype, ISGS (ISM) 2780-2, exterior view of reverse mesh surface illustrating central axis (arrow a) with attached mesh 
radiating outward (arrow b) from axis, x 2. 
9. Figured specimen, UI X-7005. View looking distally from end of axis showing mud and broken skeletal fragments infilling 
spacing between mesh projecting from axial whorls (arrow). Such infilling may have occurred while colony was in life position, 
x2. 
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initial development of reverse zoarial supports (arrow b), 10; 3. Exterior side axial view showing mesh still attached to central 
axis (arrow), *1. 

. Figured specimen, UI X-7005. 2. Exterior view of central axis from distal end of zoarium illustrating whorled appearance of 
thickened lamellar skeleton that forms the axis (arrow a), zoarial mesh overgrown by lamellar skeleton at edge of axis (arrow 
b) and mesh not overgrown (arrow c) toward most distal end of mesh, = 5; 7. Obverse exterior surface of zoarial mesh illustrating 
extension of abaxial aperture edge into fenestrule (arrow a), and thickening of keel and nodes along obverse branch surface 
(arrow b). Note thickening of lamellar skeleton across zoarial surface and capping of apertures by terminal diaphragms, x 30. 

4-6. Figured specimen, UI X-6994. 4. Obverse exterior mesh surface of well-preserved fragment illustrating incomplete peristome 

(arrow a) surrounding aperture with opening occurring at proximal to proximal-adaxial aperture edge (arrow b), central keel 
(arrow c) atop which develop nodes (arrow d). Note site of branch bifurcation (arrow e) and centrally thickened terminal 
diaphragms capping apertures, x 30; 5. Obverse exterior surface view of meshwork overgrown by ridged lamellar skeleton (arrow) 
developing at edge of axis, x 12; 6. Exterior side axial view of large zoarial fragment containing large areas of mesh attached to 
axis (arrow), x 2. 

8. Figured specimen, UI X-6999. Obverse exterior surface showing heterozooecia (ovicells?) developed along branch midline 
(arrow), x40. 

9. Figured specimen, UI X-7008. Reverse exterior surface of mesh illustrating pronounced variations in fenestrule outline (arrows 
a and b) in reverse view and appearance at site of branch bifurcation (arrow c), * 20. 
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edge overgrowing apertures (arrow b) which are capped with granular skeletal plug developed as extensions of centrally 
thickened diaphragm, x40; 2. AG69, transverse section showing typical attitudinal relationship of aperture to plane of 
obverse surface (arrow a), and granular skeletal layer continuous around autozooecial chambers (arrow b), with nodes 
(arrow c), reverse longitudinal striae (arrow d) and microstylets (arrow e). Note terminal diaphragm (arrow f) capping 
aperture, x 70; 4. AG77, mid to deep tangential section showing change in fenestrule outline from mid (arrow a) to deep 
(arrow b) tangential view, and granular skeletal layer continuous with longitudinal striae (arrow c), and reverse microstylets 
developing as extensions of these striae (arrow d), * 40; 5. AG70, shallow to very shallow longitudinal section, obverse to 
left, illustrating aperture edge in very shallow longitudinal view (arrow a) and heterozooecia (ovicells?) as enlargements of 
aperture (arrow b) extending into fenestrule, x 70; 6. AG7O, mid to shallow longitudinal section, obverse to left, showing 
aperture opening at edge of fenestrule (arrow a) and typical chamber outline in shallow longitudinal view (arrow b), = 70; 
7. AG74, mid to mid shallow longitudinal section, obverse to left, illustrating typical autozooecial chamber outline in mid 
shallow longitudinal view (arrow a) and terminal diaphragm (arrow b) capping aperture, x 70; 8. AG7O, mid to deep 
longitudinal section, obverse to left, illustrating typical chamber outline in mid (arrow a) to deep (arrow b) longitudinal 
view, and continuity of granular skeletal material (arrow c) around autozooecial chambers, and with obverse nodes (arrow 
d) and reverse microstylets (arrow e), x 70. 

3. Figured specimen, UI X-6998. AM61, transverse section of axial branch (arrow a) viewed toward proximal end of zoarium 
with aperture plugged by lamellar skeleton of the axis, thick granular skeletal layer (arrow b) surrounding branch and 
continuous with microstylets (arrow c) extending through lamellar skeleton of axis. The axial branch acts as a guide 
determining direction and rate of of axis rotation, with adjacent lateral branches following the lead of this central, pivotal 
branch. The obverse surface of the axial branch “points” toward the direction of spiraling; whether the lateral branches 
are in the left or right side of the axial branch determines if the spiral will be dextral or sinistral, x 60. 

9. Figured specimen, UI X-7000. AM79, deep to mid shallow longitudinal section, obverse to right, showing elongate vestibule 
(arrow a) developed as aperture was overgrown by lamellar skeleton in an attempt by the individual to remain connected 
with the outside environment, and chamber outline in deep longitudinal view (arrow b), x40. 
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1. Figured specimen, UI X-6990. AI71, shallow to deep tangential section of zoarial fragment exhibiting pronounced ontogenetic 


Nv 


thickening. Note site of branch bifurcation (arrow a) and fenestrules partially to completely plugged by lamellar skeleton (arrow 
b), x20. 

Figured specimen, UI X-6997. AM84, very shallow tangential section showing incomplete peristome (arrow a) surrounding all 
but most proximal to proximal—adaxial aperture edge (arrow b), peristome at edge of aperture overgrown by lamellar skeleton 
(arrow ¢c), keel (arrow d) atop which nodes develop (arrow e), and obverse stylets (arrow f) continuous with inner granular 
skeletal layer, x 70. 


. Figured specimen, UI X-6991. Large, well-preserved zoarial fragment. 3. AG75, mid to shallow tangential section. Observe 


circular heterozooecia (ovicells?) with central opening (arrow a) surrounded by a circular layer of lamellar skeleton (arrow b), 
and extension of abaxial edge of aperture (arrow c) into fenestrule causing inflections in fenestrule outline near obverse surface, 
x 70; 4. AG75, very deep tangential section illustrating granular appearance caused by presence of abundant microstylets (arrow) 
continuous with inner granular skeletal layer, x 70; 5. AG67, mid to deep tangential section showing typical autozooecial 
chamber outline in mid (arrow a) and deep (arrow b) tangential views. Note increased variability of chamber outline in mid 
tangential view at site of branch bifurcation (arrow c), lack of extension of aperture into fenestrule in mid tangential view (arrow 
d), and continuity of granular skeletal material between branches across dissepiment (arrow e), < 70. 
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toward direction of axial spiral (in this case dextral) as viewed from proximal end of axis looking toward distal end. When viewed 
toward distal end of zoarium, if lateral branches develop to the right of the axial branch, spiraling is dextral; when lateral branches 
develop to the left of axial branch in the same view, spiraling is sinistral. The axis spirals toward the obverse surface, resulting in 
concave obverse and convex reverse mesh surfaces, respectively. Observe change in mesh orientation proceeding outward from 
central axis, going from transverse (arrow a) to slightly askew, poorly oriented transverse (arrow b) to approaching tangential view 
as mesh flattens toward whorl (arrow c). Also note development of thick lamellar skeletal layer (arrow d) forming central axis 
surrounding axial branch, 15; 2. AMS58, longitudinal section near center of axis just shallow of central axial branch. Change in 
branch orientation can be observed proceeding from axial whorl (arrow a), to longitudinal section approximately pointing toward 
axial whorl (arrow b). Also shown is a misoriented longitudinal section exhibiting elongate vestibule (arrow c), tangential section 
(arrow d) associated with change of central axial branch orientation deeper in central axis than shown in section, and axial whorl 
(arrow e). Direction of axial spiral is dextral, x 12. 
SO MPALCRINEdESRVAIINEV Cri ae wASDCCleSlerr reer eerie ie are core sia ee Te ET aE See eee 133 
3. Holotype, UI X-6987. Exterior side view of dextrally spiraling specimen illustrating central axis (arrow) with zoarial mesh 
developed as extensions at lateral edge of axial whorls, * 2. 
4. Paratype, UI X-6988. Exterior side view of sinistrally spiraling zoarium showing central axis (arrow a) and obverse mesh 
surfaces (arrow b) radiating outward from central axis, x 2. 
5. Paratype, UI X-6989. Exterior side view of sinistrally spiraling specimen illustrating whorls (arrow) from which branches extend, 
x2. 

6,9. Paratype, UI X-6981. 6. Obverse exterior surface of zoarial fragment having well-developed zoarial support (arrow a) at distal 
edge of fragment. Note fenestrules almost completely overgrown by lamellar skeleton at distal end of fragment (arrow b), and 
open with lesser overgrowths (arrow c) toward proximal end; also shown is site of branch bifurcation (arrow d), x 8; 9. Reverse 
exterior surface illustrating zoarial support (arrow a) developed at distal edge of fragment, fenestrules almost completely 
Overgrown by lamellar skeleton at fragment distal edge (arrow b) and fenestrules open toward proximal end (arrow c), and site 
of branch bifurcation (arrow d), 8. 

7,8. Paratype, UI X-6979. 7. Obverse exterior surface showing zoarial support (arrow a) and obverse mesh surface not covered by 
thickened lamellar skeleton (arrow b). Note typical mesh appearance in this species, x 8; 8. Reverse exterior surface of zoarial 
fragment exhibiting pronounced ontogenetic thickening, with zoarial support developed at distal mesh edge and thickened 
lamellar skeleton (arrow) coating distal edge of zoarial mesh, x8. 
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peristome partially surrounding aperture open at proximal to proximal—adaxial edge, keel atop which develop numerous 
nodes (arrow b) which also are present atop dissepiment (arrow c), and small stylets (arrow d) atop obverse surface, x 25. 

2. 3, 5-7. Paratype, UI X-6981. FY72. 2. Transverse section illustrating terminal diaphragm (arrow a) plugging aperture that exhibits 
typical attitudinal relationship to plane of obverse surface, granular skeletal layer continuous around autozooecial chambers, 
with reverse longitudinal striae (arrow b) and nodes (arrow c). Note fenestrule width between branches (arrow d) and typical 
chamber outline in transverse cross-sectional view (arrow e), x 70; 3. Very shallow longitudinal section, obverse to left, 
illustrating transverse section of dissepiment and continuity of granular skeleton through middle of dissepiment (arrow), 
x 70; 5. Mid to deep longitudinal section, obverse to left, illustrating chamber outline in mid (arrow a) and deep (arrow 
b) longitudinal views; also shown is obverse node (arrow c) continuous with granular skeletal layer surrounding autozooecial 
chambers, = 70; 6. Very shallow to mid longitudinal section, obverse to left, showing elongate vestibule (arrow) developing 
as a result of thickening of obverse lamellar skeletal layer, x 70; 7. mid to very shallow longitudinal section showing 
autozooecial chamber outline in mid (arrow a) and very shallow (arrow b) longitudinal views. Note extensions of aperture 
opening into fenestrule (arrow c), x70. 

4. Holotype, UI X-6987. AI30, transverse section exhibiting pronounced ontogenetic thickening of lamellar skeletal layer at 
edge of axis covering obverse surface. Note continuity of granular skeletal layer around autozooecial chambers, across 
dissepiment (arrow a), with terminal diaphragm (arrow b), small obverse stylets (arrow c) and reverse microstylets (arrow 
d), 70. 

8. Paratype, UI X-6989. A190, section cutting along central plane of sinistrally spiraling axis showing change in central branch 
orientation as this branch spirals along center of axis, changing branch orientations include tangential at proximal fragment 
end (arrow a), longitudinal with obverse to left in middle of fragment (arrow b), and back to approaching deep tangential 
at distal end of fragment (arrow c), x 20. 
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1. Paratype, UI X-6981. FY77, shallow to very shallow tangential section illustrating typical aperture outline (arrow a), extension 
of aperture into fenestrule (arrow b) in shallow view causing inflection in fenestrule outline, incomplete peristome (arrow c) 
open at proximal to proximal-—adaxial edge (arrow d), keel (arrow e), and nodes (arrow f) positioned atop keel, = 70. 

2-5. Holotype, UI X-6987. 2. AI28, mid shallow to deep tangential section. Note typical autozooecial chamber outline in mid 
tangential view (arrow a), chamber outline in deep section near reverse-wall budding-site (arrow b), and longitudinal striae 
(arrow c) comosed of granular skeletal material which is continuous with reverse microstylets (arrow d), x 40; 3. A140, shallow 
to very shallow tangential section illustrating chamber outline in shallow tangential view (arrow a), lamellar skeleton plugging 
aperture (arrow b) exhibiting expanded peristome, longitudinal ridge across dissepiment (arrow c), keel (arrow d), and node 
(arrow e) developing atop keel, x 70; 4. A140, shallow to deep tangential section showing typical mesh symmetry of this species. 
Note site of branch bifurcation (arrow a) and fenestrule partially plugged by lamellar skeleton (arrow b). Such plugging is common 
in mesh near axis, x40; 5. AI40, mid tangential section illustrating heterozooecia (ovicells?) consisting of lamellar skeleton 
partially infilling fenestrule (arrow a) with perforation (arrow b) in center of infilling, x 70. 

6. Paratype, UI X-6989. AI91, transverse section of central axis illustrating sinistral spiraling of axial section. When viewed toward 
distal end of axis, if lateral branches develop to the left of central axial branch (arrow a), spiraling is sinistral. Zoarial mesh 
flattens toward edge of spiral into tangential view showing aperture openings (arrow b) and fenestrules (arrow c) typical of this 
orientation. Note thick lamellar skeleton forming central spiral axis, = 20. 
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1. Holotype, ISGS (ISM) 4486-1, obverse exterior surface of zoarial fragment exhibiting slight ontogenetic thickening and 
moderately poor preservation. Note fenestrule (arrow a) and variation in fenestrule outlines, longitudinal ridge across obverse 
dissepiment surface (arrow b) and site of branch bifurcation (arrow c), x18. 
2-10. Paratype, ISGS (ISM) 4486-2. Large, moderately ontogenetically thickened zoarial fragment. 2. Obverse exterior surface 


illustrating thickened lamellar skeleton covering apertures (arrow a), causing thickening of keel (arrow b) and partially covering 
both keel and nodes (arrow c). Note zoarial support developed at lateral edge of zoarium (arrow d), x18; 3. Side view of 
obverse exterior branch surface illustrating orientation of adaxial (arrow a) and abaxial (arrow b) autozooecial apertures across 
branch surface; also note keel (arrow c), and nodal (arrow d) development atop keel, x 35; 4. Reverse exterior zoarial surface 
showing site of branch bifurcation (arrow a) and microstylets (arrow b) across reverse zoarial surface, x 18; 5. FSL89, deep 
longitudinal section near center of branch, obverse to left, illustrating adaxial chamber outline (arrow a) in this view, abaxial 
chamber (arrow b) budding from edge of adaxial chamber, and granular skeletal layer (arrow c) continuous around autozooecial 
chambers, and with reverse microstylets (arrow d), x70; 6. FSL41, shallow longitudinal section, obverse to left, showing 
reverse (arrow a) and obverse (arrow b) ends of abaxial autozooecial chambers, x 70; 7. FSL48, shallow to mid longitudinal 
section, obverse to right, illustrating typical abaxial chamber outline in mid longitudinal view (arrow a) capped by terminal 
diaphragm, and abaxial chamber outline in shallow longitudinal view (arrow b), x 40; 8. FSL33, transverse section showing 
mid axial wall (arrow a) separating adaxial autozooecia, abaxial two rows of chamber axial walls (arrow b), and granular 
skeletal layer (arrow c) continuous around autozooecial chambers, and with reverse longitudinal striae (arrow d), microstylets 
(arrow e), and obverse nodes (arrow f), x70; 9. FSL86, transverse section showing terminal diaphragm (arrow) capping 
adaxial aperture that exhibits typical attitudinal relationship to plane of obverse surface, x 70; 10. FSL89, transverse section 
illustrating attitudinal relationship of adaxial (arrow a) and abaxial (arrow b) apertures relative to plane of obverse surface; 
also shown is continuity of granular skeletal layer across dissepiment (arrow c) between branches, x 70. 
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Paratype, ISGS (ISM) 4486-2. 1. FSL75, mid to shallow tangential section illustrating mid axial wall (arrow a) and abaxial wall (arrow 
b) exhibiting typical appearance in this view, rectangular to slightly parallelogram-shaped outline of autozooecial chambers in mid 
tangential view (arrow c), outline of abaxial chambers in shallow tangential view (arrow d) and abaxial aperture opening (arrow e), 
and short superior hemiseptum at proximal edge of vestibule (arrow f), x 70. 2. FSL75, shallow to deep tangential section illustrating 
adaxial autozooecial chamber outline in mid (arrow a) and shallow (arrow b) tangential views, site of branch bifurcation (arrow c) 
and chamber outline at that site, and longitudinal striae (arrow d) continuous with granular skeletal layer surrounding autozooecial 
chambers and extending across dissepiment (arrow e), x 20; 3. FSL81, mid to mid shallow tangential section illustrating mid axial 
wall (arrow a), mid shallow adaxial chamber outline (arrow b), and inflection into fenestrule opening of abaxial apertures (arrow c), 
x 60; 4. FSL27, node with central core of granular skeletal material (arrow), x 70; 5. Obverse exterior view of well-preserved zoarial 
surface illustrating adaxial (arrow a) and abaxial (arrow b) attitudinal relationship of aperture relative to branch surface, keel (arrow 
c) with nodes positioned atop, and small obverse stylets (arrow d), 45; 6. FSL86, very shallow to shallow longitudinal section, 
obverse to left, showing chamber outlines in this view, attitudinal relationship of aperture to plane of obverse surface (arrow a), and 
continuity of granular skeleton across dissepiment (arrow b), x 70; 7. FSL80, shallow tangential section at site of branch bifurcation 
illustrating thin peristome surrounding aperture (arrow a), and short superior hemiseptum at proximal edge of aperture opening (arrow 
b), x70; 8. FSL27, shallow tangential section showing thick keel (arrow) covered with lamellar skeletal maternal atop which nodes 
with granular skeletal cores occur, x 20. 
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1, 3-9. Figured specimen, UI X-6919. Large, well-preserved zoarial fragment. 1. Obverse exterior surface illustrating aperture (arrow 
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a) surrounded by apertural stylets, intermediate-size stylets (arrow b) anastomosing around apertures along obverse branch 
surface, extensions of apertures into fenestrule causing inflection in fenestrule outline (arrow c), site of branch bifurcation 
(arrow d), large stellate node (arrow e), and longitudinal ridges across dissepiment obverse surface (arrow f), <8; 3. POS6, 
mid to deep longitudinal section, obverse to left, illustrating granular skeletal layer (arrow a) continuous around autozooecial 
chamber and with macrostylets (arrow b), 40; 4. POS1, transverse section showing two branches separated by fenestrule 
opening (arrow) filled with sediment, x40; 5. POS6, mid to deep longitudinal section, obverse to left, illustrating typical 
chamber outline (arrow a) with aperture opening toward middle of branch, edge of more laterally positioned chamber (arrow 
b), peristome continuous with apertural stylets, and all connected with inner granular skeletal layer (arrow c), and obverse 
node (arrow d), x 70; 6. POS6, shallow to mid longitudinal section, obverse to left, showing autozooecial chamber exhibiting 
typical outline in mid longitudinal view (arrow a), edge of chamber near reverse-wall budding-site (arrow b), and well- 
developed obverse stylets (arrow c) continuous with inner granular skeleton, x 70; 7. PO4, shallow to deep tangential section 
illustrating typical adaxial chamber outline in mid tangential view (arrow a), abaxial chamber outline in mid tangential view 
(arrow b), and chamber outline near reverse-wall budding-site (arrow c). Note aperture position at site of branch bifurcation 
(arrow d), longitudinal ridges across obverse dissepiment surface (arrow e) and large fenestrule (arrow f), x20; 8. POS, 
transverse section showing attitudinal relationship of adaxial (arrow a) and abaxial (arrow b) aperture openings to plane of 
obverse surface, and obverse node (arrow c) continuous with inner granular skeletal layer, x 70; 9. POS6, mid shallow 
longitudinal section, obverse to left, illustrating chamber outline in this view (arrow a), and apertural stylets (arrow b), x 70. 


. Figured specimen, UI X-6920. Enlarged obverse and reverse surfaces of a zoarial fragment exhibiting pronounced ontogenetic 


thickening. Shown are longitudinal striae (arrow a) extending along reverse branch surface and across dissepiment (arrow b), 
and macrostylets (arrow c) developed atop reverse longitudinal striae. Note aperture (arrow d) plugged by lamellar skeleton 
added during ontogenetic thickening, = 30. 
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Figured specimen, UI X-6919. 1. PO4, shallow tangential section showing peristome surrounding aperture (arrow a), with peristomal 
projections expanding outward to become apertural stylets (arrow b), and intermediate-size stylets (arrow c) developed across obverse 
surface, x 70; 2. POS, transverse section showing granular skeletal layer continuous around autozooecial chambers (arrow a), with 
reverse macrostylets (arrow b), and apertural stylets (arrow c), x70; 3. PO4, deep tangential section showing longitudinal striae 
(arrow a) of granular skeletal material, macrostylets (arrow b) developed as extensions of these striae and as extensions of striae 
extending across dissepiment (arrow c), * 70; 4. PO18, mid shallow to shallow tangential section. Note increased angularity, to 
accomodate fit into available space, of autozooecial chamber going from shallow (arrow a) to mid shallow (arrow b) tangential view, 
x 40. 


MER OLY DOFG WArSOVIENSISIRTOUl USS Samer erieieysetere hoe eres vous (5.6 OE oI ore eh Baweks 3 ETS Sea eiagt 4 Lavan diayavaweva Gis, feayh AdiP eye) aE PEs . 146 


5. Figured specimen, UI X-7022. Obverse exterior surface of moderately ontogenetically thickened zoarial fragment containing 
numerous apertures capped by centrally thickened terminal diaphragms. Note extension of apertures into fenestrule openings 
and onto edge of dissepiment (arrow), x8. 

6-12. Figured specimen, UI X-6907. Large, well-preserved zoarial fragment. 6. Obverse exterior surface showing centrally thickened 
terminal diaphragm (arrow a) capping aperture, aperture not capped by terminal diaphragm (arrow b), obverse node (arrow 
c), and pronounced branch thickening proximal (arrow d), and thinning distal to site of branch bifurcation, x 8; 7. Reverse 
exterior surface illustrating longitudinal striae (arrow a) atop which develop reverse microstylets, macrostylets (arrow b) 
typically located at site of branch—-dissepiment junction, branch thickening proximal to site of branch bifurcation (arrow c), 
and zoarial support (arrow d) developed from reverse branch surface, x8; 8. PO90O, transverse section showing typical 
attitudinal relationship of aperture to plane of obverse surface and part of centrally thickened terminal diaphragm (arrow), 
x 70; 9. PO9O, transverse section of two branches immediately distal to site of branch bifurcation. Note attitudinal relationship 
of adaxial (arrow a) and abaxial (arrow b) apertures relative to plane of obverse surface, granular skeletal layer surrounding 
autozooecial chambers (arrow c) and continuous with longitudinal striae (arrow d), x 70; 10. PO80, mid shallow to shallow 
longitudinal section, obverse to left, showing aperture opening at abaxial branch edge (arrow a) and mid chamber outline of 
abaxial autozooecial chamber (arrow b), x 40; 11. PO82, deep longitudinal section, obverse to left, showing chamber outline 
in this view (arrow a) and near reverse-wall budding-site (arrow b), also note aperture opening onto branch center (arrow c), 
x 40; 12. PO82, mid longitudinal section, obverse to left, illustrating typical autozooecial chamber outline in this view (arrow 
a) as well as continuity of granular skeletal layer along reverse wall (arrow b), and with reverse macrostylets (arrow c), < 40. 
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1-6. Polypora varsoviensis Prout, 1858a ....... wing ip dhavatiers die se aoe aaa tersitagsqn re alors ue suave: aveinrn Gao one ee eakete a see Os cayenne eee 146 
1. Figured specimen, UI X-7022. Enlarged ehyie exterior mS gurtace of wells ee marae fragment illustrating typical outline 
of aperture (arrow a), obverse node (arrow b), and ridge across dissepiment surface (arrow c), = 20. 

2-6. Figured specimen, UI X-6907. 2. PO77, mid to deep tangential section showing adaxial autozooecial chamber outline near 
reverse-wall budding-site (arrow a), adaxial chamber outline in mid tangential view (arrow b), and abaxial chamber outline in 
same view (arrow c). Note longitudinal striae composed of granular skeletal material (arrow d), and microstylets developing as 
extensions of striae along branch (arrow e) and dissepiment (arrow f) surfaces, x 20; 3. PO80, mid to shallow longitudinal 
section, obverse to left, showing typical abaxial autozooecial chamber outline in this view (arrow), x70; 4. PO83, shallow 
tangential section illustrating peristome surrounding aperture that exhibits a typical apertural outline (arrow a), apertural stylets 
developed atop peristome (arrow b), and obverse node (arrow ¢c), * 70; 5. PO87, mid to mid shallow tangential section showing 
typical autozooecial chamber outline in mid (arrow a) and mid shallow (arrow b) tangential views, also note continuity of 
granular skeletal material across dissepiment (arrow c), x40; 6. PO87, shallow to mid tangential section. Note inflection in 
fenestrule outline caused by extension of apertures into opening (arrow a) in shallow tangential view and lack of such inflections 
in mid tangential view (arrow b); also shown is recessed dissepiment near obverse surface (arrow c) with continuity of dissepiment 
evident between branches in mid tangential section (arrow d), = 20. 

1583) Poly pora:spininod ata rich 1.890 ia. 2 rsrevecate, ase erste chai sie vacsee cur ieeetatays ays aessana/esera a avsheteelessiateieisia eases ene tiate ek tect: eee 149 

Figured specimen, UI X-7017. PA43. 7. iranstcrse section Elowiae ata eudinall relationstin of abaxial (arrow a) and adaxial (arrow 

b) apertures relative to plane of obverse surface; also shown is granular skeletal layer continuous with peristome (arrow b). Note 

granular skeletal layer surrounding autozooecial chambers and continuous with longitudinal striae (arrow c) and reverse microstylets 

(arrow d), x 40; 8. Transverse section illustrating centrally thickened terminal diaphragm capping aperture (arrow a), and continuity 

of granular skeletal material across dissepiment between branches (arrow b), = 40. 
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1, 11, 12. Figured specimen, UI X-7017. Large, moderately ontogenetically thickened zoarial fragment. 1. Obverse exterior surface 
illustrating centrally thickened terminal diaphragm capping aperture (arrow a) at thickened branch area proximal to site 
of branch bifurcation, pronounced extension of apertures onto dissepiment surface (arrow b), and nodes (arrow c) along 
obverse branch surface, x 8; 11. PA41, greatly enlarged longitudinal section, obverse to right, illustrating centrally thickened 
terminal diaphragm (arrow a) with granular skeleton forming inner apertural plug (arrow b) apparently continuous with 
inner granular skeletal layer (arrow c). Note thickened lamellar skeletal material (arrow d) infilling area between zones of 
granular skeleton, x 200; 12. Reverse exterior surface showing typical fenestrule outline (arrow), x8. 

2, 3. Figured specimen, UI X-7018. 2. Reverse exterior surface containing branch exhibiting pronounced thickening proximal 
(arrow a) and thinning distal to site of branch bifurcation, longitudinal striae and microstylets developing atop striae 
(arrow b), and reverse zoarial support (arrow c) forming on reverse surface near site of branch bifurcation, x 8: 3. Obverse 
exterior surface illustrating aperture not capped by terminal diaphragm (arrow a), and extension of abaxial aperture 
opening (arrow b) into fenestrule opening, x8. 

4, 6. Figured specimen, UI X-7019. 4. Reverse exterior surface showing macrostylet development (arrow) typically at site of 
branch—-dissepiment junction, 8; 6. PO68, transverse section. Note attitudinal relationship of abaxial (arrow a) and 
adaxial (arrow b) autozooecial chambers, both capped by centrally thickened terminal diaphragms, to plane of obverse 
surface; also note well-developed longitudinal striae of granular skeletal material (arrow c), and spacing between branches 
(arrow d) across fenestrule opening, = 40. 

5, 7-10. Figured specimen, UI X-6921. 5. PA21, shallow longitudinal section, obverse to right, illustrating aperture extending intc 
fenestrule in shallow longitudinal view (arrow a), and continuity of granular skeletal material across dissepiment (arrow 
b), x40; 7. PA21, transverse section of dissepiment, obverse to right, showing continuity of granular skeletal material 
(arrow) through middle of dissepiment, x 40; 8. PA23, mid to deep longitudinal section, obverse to right. Note granular 
skeletal layer continuous around autozooecial chambers, with reverse chamber wall (arrow a) and reverse microstylets 
(arrow b); also shown is edge of obverse node (arrow c), x40; 9. PA26, mid longitudinal section, obverse to right, 
illustrating typical chamber outline in this view (arrow a) and centrally thickened terminal diaphragm capping aperture 
(arrow b), 40; 10. PA26, mid to deep longitudinal section, obverse to right, showing variable chamber outline (arrows 
a and b) toward center of branch, and continuity of granular skeleton with peristome (arrow c) and with large reverse 
macrostylets (arrow d), = 40. 
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1-7. Polypora spininodata Ulrich, 1890. : : Zscafcaaisyeyency tS eae ee ote 149 
1-3, 7. Figured specimen, UI X-6921. 1. PA31, shallow to deep tangential section showing typical mesh symmetry. Note extension 

of aperture into fenestrule in shallow tangential view causing inflection in fenestrule outline (arrow a), lack of such inflections 
in mid tangential view (arrow b), and pronounced increase in fenestrule size, particularly width, near reverse wall (arrow c), 
x 20; 2. PA31, shallow to mid tangential section showing abaxial autozooecial chamber outline in mid (arrow a) and mid 
shallow (arrow b) tangential views, and site of branch bifurcation (arrow c), x 20; 3. PA29, very shallow tangential section 
illustrating typical aperture outline (arrow a), peristome surrounding aperture (arrow b), apertural stylets (arrow c) developing 
at lateral edge of peristome, and stellate nodes (arrow d) along obverse zoarial surface, x 75; 7. PA21, shallow to mid shallow 
longitudinal section, obverse to right, showing aperture opening into fenestrule at abaxial branch edge (arrow a), and diaphragm 
capping aperture in shallow longitudinal sectional view (arrow b), = 40. 

4,5. Figured specimen, UI X-6913. Highly ontogenetically thickened zoarial fragment. 4. PO69, mid to deep tangential section 
showing continuity of granular skeletal material with reverse macrostylets (arrow a), and lamellar skeleton covering macrosty- 
lets in deeper tangential view (arrow b). Note macrostylet location near site of branch—dissepiment junction, x 25; 5. PO74, 
shallow to mid tangential section illustrating typical adaxial (arrow a) and abaxial (arrow b) chamber outline in mid tangential 
view, adaxial (arrow c) and abaxial (arrow d) aperture outlines, continuity of granular skeleton across dissepiments (arrow 
e), and thickened lamellar skeletal layer (arrow f) partially filling fenestrules inside which microstylets develop, 25. 

6. Figured specimen, UI X-7017. PA47, mid to deep tangential section of slightly ontogenetically thickened zoarial fragment 
showing typical chamber outline near reverse-wall budding-site (arrow a), longitudinal striae (arrow b) continuous with 
granular skeletal layer from which reverse microstylets (arrow c) and macrostylets (arrow d) develop, = 20. 

8,9. Polypora simulatrix Ulrich, 1890 ' : : .s P aighteen ae hecho wud lbs tre spe tugrrs tosh ares 151 
Figured specimen, UI X-6922. 8. PI43, mid shallow longitudinal section, obverse to night, showing typical autozooecial chamber 
outline (arrow) in this view, x 20; 9. PI27, transverse section of branch showing abaxial (arrow a) and adaxial (arrow b) attitudinal 
relationship of aperture to plane of obverse surface. Note continuity of granular skeletal material with peristome (arrow a) and 
apertural stylets (arrow b), x60. 

10. Polypora spininodata Ul\rich, 1890 ; : . z ; F . eeagueteati Re ceerree RIOT sii ca 149 
Figured specimen, UI X-6911. PO49, shallow tangential section illustrating apertural stylets (arrow a) and extension of apertures 
onto dissepiments (arrow b), x 40. 
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Figured specimen, UI X-6922. Well-preserved, moderately large zoarial fragment. 1. Obverse exterior surface showing aperture 
position at site of branch bifurcation (arrow a) and longitudinal ridges extending across dissepiment (arrow b), x15; 2. Obverse 
exterior surface; note typical outlines of adaxial (arrow a) and abaxial (arrow b) autozooecial apertures, both capped by centrally 
thickened terminal diaphragms and surrounded by apertural stylets, and stylets (arrow c) occurring between and anastomosing 
around apertures and nodes, x15; 3. Obverse exterior surface illustrating adaxial aperture (arrow a) surrounded by apertural stylets 
and not capped by terminal diaphragm, and obverse node (arrow b), x15; 4. PI37, shallow mid longitudinal section, obverse to 
right, showing centrally thickened terminal diaphragm (arrow a) and granular skeletal layer (arrow b) continuous with reverse wall, 
around autozooecial chambers, and with reverse microstylets, x 60; 5. PI35, transverse section of zoarial support illustrating core 
of granular skeletal material (arrow) continuous with small stylets at edge of support, x 60; 6. PI35, transverse section of dissepiment, 
obverse to right, showing aperture opening onto edge of dissepiment (arrow a), and continuity of granular skeletal material across 
middle of dissepiment between branches (arrow b), x60; 7. PI35, mid longitudinal section, obverse to right, illustrating typical 
autozooecial chamber outline in this view (arrow a), and continuity of granular skeletal layer with peristome (arrow b), x40; 8. 
PI35, very shallow to shallow longitudinal section, obverse to right, showing changing autozooecial chamber outline from very 
shallow (arrow a) to shallow (arrow b) longitudinal view, x60; 9. PI29, transverse section of branch showing typical attitudinal 
relationship of adaxial aperture to plane of obverse surface (arrow a), and zoarial support with core of granular skeletal material 
(arrow b) extending from reverse branch surface, x 60; 10. PI44, mid to deep longitudinal section, obverse to right, showing typical 
chamber outline in deep longitudinal view (arrow a), and obverse node (arrow b) of granular skeletal material, x 40; 11. PI45, mid 
longitudinal section, obverse to right, showing typical chamber outline in this view (arrow) with aperture capped by diaphragm, 
x 40; 12. PI45, shallow to mid longitudinal section, obverse to right, showing adaxial edge of apertural stylets (arrow), x40. 
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1+. Polypora simulatrix Ulrich, 1890 ...... 5, Bich tat be fetetere, ee, kerosene Meee sane CG hareeoterolal tnaustiatos ters Fog. Fiona boptoneuafa nan etecenis ve fetes 151 
Figured specimen, UI X-6922. 1. PI48, shallow to deep tangential section illustrating typical outline of adaxial chambers in mid 
(arrow a) and shallow (arrow b) tangential view, abaxial chambers in mid (arrow c) and shallow (arrow d) tangential view, continuity 
of granular skeleton across dissepiment (arrow e) and site of branch bifurcation (arrow f), x 20; 2. PI32, mid shallow tangential section 
showing chamber outline in this view (arrow), = 60; 3. PI48, shallow tangential section illustrating aperture surrounded by apertural 
stylets (arrow a), and obverse stylet (arrow b) and nodal (arrow c) development, x60; 4. PI48, deep tangential section showing 
chamber outline near reverse-wall budding-site (arrow a), and granular skeletal layer continuous with longitudinal striae (arrow b), 
and microstylets (arrow c) developing atop and as extensions of striae (arrow c), 60. 

. Polypora retrorsa Ulrich, 1890 ....... 4 PN cies aa ls ce Mc odacapatercse, Meet mae nihh ale hbo EES aratsera se hte eee eee 154 
Figured specimen, UI X-6908. 5. Enlarged obverse exterior surface showing autozooecial aperture (arrow a) exhibiting slight inflection 
into fenestrule, aperture (arrow b) developed well onto edge of dissepiment, and site of branch bifurcation (arrow c), = 20; 6. PII7, 
mid longitudinal section, obverse to left, illustrating typical autozooecial chamber outline in this view (arrow a), and thick granular 
skeletal layer continuous around autozooecial chambers, with reverse wall (arrow b) and reverse microstylets (arrow c), x 40; 7. PI21, 
mid longitudinal section, obverse to left. Note typical autozooecial chamber outline in this view (arrow a), and continuity of granular 
skeletal layer with obverse stylets (arrow b), x 70; 8. PI63, transverse section illustrating zoarial base (arrow) from which colony 
developed and in which is contained the ancestrula of this zoarium, = 20; 9. Obverse exterior surface showing typical aperture outline 
(arrow) with aperture surrounded by incomplete peristome and containing apertural stylets, = 20. 
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Figured specimen, UI X-6908. Large, moderately complete, well-preserved zoarial fragment. 1. Reverse exterior surface illustrating 
typical fenestrule shape as observed from reverse surface (arrow a), site of branch bifurcation (arrow b), and base of zoarium (arrow 
c) containing ancestrula, x1; 2. Obverse exterior surface illustrating slight inflection in fenestrule outline caused by extension of 
abaxial aperture edge into opening (arrow a), thickening of lamellar skeleton at proximal end of zoarium completely plugging fenestrules 
(arrow b), and site of branch bifurcation (arrow c), <1; 3. PI21, mid to deep longitudinal section, obverse to left, showing typical 
autozooecial chamber outline in mid longitudinal view (arrow), x40; 4. PI8, transverse section showing attitudinal relationship of 
adaxial (arrow a) and abaxial (arrow b) apertures to plane of obverse surface. Note thickened granular skeletal material around 
autozooecial chambers, and rounded chambers (arrow c) in transverse section, x 40; 5. PI6, transverse section showing continuity of 
granular skeletal layer (arrow a) around autozooecial chambers, with reverse microstylets (arrow b), and across dissepiment (arrow 
c) between branches, = 40; 6. PI67, shallow to mid shallow tangential section illustrating incomplete peristome surrounding aperture 
that exhibits a typical outline (arrow a), apertural stylets (arrow b), and obverse stylets (arrow c), x40; 7. PI67, deep mid to mid 
shallow tangential section showing typical bilobate chamber outline in mid shallow (arrow a) and ovate outline in mid (arrow b) 
tangential views. Note pronounced extension of autozooecial chambers onto dissepiment (arrow c), and rounded chamber shape 
(arrow d) in deep mid tangential section, x 40; 8. P162, mid to deep tangential section illustrating autozooecial chamber outline near 
reverse-wall budding-site (arrow a), and poorly defined longitudinal striae (arrow b) of thickened granular skeletal material which 
expands outward to become reverse microstylets (arrow c), 40. 
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Arrow Rock 1:24,000 quadrangle (1971) ...............:02cseceesees 176 
GSPera: HEMUNYDA.dessnessessecas seuss 46,47... 39,108,716,117, 
119,156,158,237,238 
Astrovaand Morozova (1956): ...05o.0<-c.-+s<sc---0250-cbseu eee 16,39 
Atherton’ and Palmer (1'97.9))<...cc-c--0c00-c1s-cesceseseeeteee 10-12,158 
Augusta Northwesti(locality, 1) 2. s.ccss.<cscinnceseeesecseesesteceete O72 
AUsichy (978) acca one eee seca ose One 168,169 
Auusichy (1980) tcssteqce.ccsec races setect ase Sinaia ees eee 160,168,169 
Australias cfc: osshecaescotetiGrwieshancses fear coe ieaahan ee ee ee DO 
autozooecial chamber depth [CD] 
(aD 1 Y fe RAE RRB ARE Sa RMP BER Ee NER Rata Saran eS ARE ANSP OSSOEMOncaSmacS F,B 
LluStr ated. etc. acc csoetae ccc ass tees shee 37,38 
autozooecial chamber length [CL] 
CEPIMOM TF RA Sire cc okie he ctetocee aac te noch ee PRO EE  e F.B 
TIUSEFALER, Ao fedesnesec di ascacodnse soso E RE CCST ROTC 37,38 
AW [aperture width] 
ACPINGD wet ec tac se cde sn ccs ses aecea haces 8 oues ie Peco et eee FB 
illustrated Fes wesc sete eee a ee 7, BOSS. 
V4 © Cn ne re RE Rr RRA Aer iin Une SEE (BE Sn ocncan 10 
Banastella, n. gen. ..........0..22++ 7,28,30,32,34,39,40,68,71,72,73, 
76,79,81,83,85,88,141,151 
biseriata (Ulrich, 1890) ................. 2OS2Ti) eccsee 39,73,83,84, 
85,156,158,159,217,218 
cingulata (Ulrich, 1890) ............ 20:21: 39,73,77,78,79, 
83,156,158,211,212 
delicata, n=.sps-... 27,28) 2.2. 7,39,73,86,88,156,158,218,219 
guensburgi, n. Sp. ..... 18,19,20  ...... 7,19-21,37,39,72,73,74, 
76,83,156,158,159,166,209-211 
limitaris (Ulrich, 1890) ............. 24252 ee 39,73,81,82,83, 
156,158,159,215,216 
mediocreforma, N. SP. ........6.0es0 D223 sre 7,39,73,79,80, 
81,83,156,158,213,214 
Bancrott/(U9 86a) cecasccsceseceecete cece ese caccetces eect eee contne 22.25.27. 
Bancrotti(li9860)i eccccccs ccc ck seat oncaccac nese seca ane ee eee 27 
Banta, McKinney, and Zimmer (1974), ..2.... << s.cs-csencesoseceeseen 166 
Bassler (HOSS) ic ccrcca ete s ose erence eee ee ee 16,17,22,142 
Baxter) (19.60) i scccus secnasee ste neeancessteeceeieeesecterneate Rene ert att eee 14 
Baxter GLO F 2) 2. doc, Bune shes becca oe ener ates neta oe eee an ee 11 
BelfasteRormation’ 25.222... scsesescosesaseetnesssesescerestnseesceeteere seas 14 
Belli(' 932) 2. cock sodene sesecceancnats Steck eas eusorses few ncsstien: sect eaeaee 15 
Beltrees—Mel ville Anticline 9... .c...c+.scevecinee ses acreenscecs secs 15,16 
Benchmark on State Highway 369 (locality 33) ................ 9,175 
Bentonsport, Iowa (locality 2; measured section 1) ...................... 


sisulcadae suinctutres sen teaue areaeccasectuneasann-awenee es 9,157-159,172,177 
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biseriata, 

IBanastell prse meen eee eee eee 26327) nese 39,73,83,84,85, 

156,158,159,217,218 

IROL ON ibd san oo tek Tee etoe fe wets sae eee re ete ce see Stee 73,83,151 
Blake (1975) 16,17 
Blake (1980) 17,31 
Blakex(i9.83) peeresccc ss cnee ee dec ccs tecen seat ee taetes seen cniee cote eee 31 
Blakes yiBintsss.eseeceter eee 
Boardmann (lis) ercaswes eset siseeee ads cccscseshocseecsaeewenaseadsenes 
Boardman: andiGheetham (1969))-.1...ccse-csneeo eevee oeeeeeee 22,1 
Boardman‘and!' Cheetham (1983) .......c:.c<2ccscecstsecseseceecococsees 22 
Boardmanvand UWitgaard! (1964) oo. esa-ceeneecen-acneeess-cnse-csecees 10 
IBOALGMAN RES we ttese desea ene costae es eoeincaec ere enecentcere ene: 7,18 
Bonaparte 1:24,000 quadrangle (1968) .....................0..c0eees 172 
BordemeDel tages tevecearc ce cease ease e te ceece nas eceen oat aeteneaeseeceae sere 


Bilyeu Member 


Borer(!926) inasscscss ces eee 
BorktandyPernya (9 i) tere. cecasecaennceses eeacseneeseteesssereeceestses 19,34 
Brac (194) ierercsmocesercnceecce sc ssaten conan sooss sctatscsess sere seetene 162 
branch width [WB] 

CNC a RON RE oo EER Ne cco neat F.B 

LLLUStr Aled gerrce cece oe eee eee oe era 35,37,38 
IBrannera((lSi8'8) heavecsccsstastace vote eee acon er nero toon ak eee te tee cones Mal 
BrgesmBranchy (locality 7)) cs .eceueresse-tec-eersecoeeseaedsesscest-es C7) 
Brighton) 1':625500) quadrangle (1925)! ceii-sie cece ceaeecseveeee sco igs} 
IBuelWBran Che csstecrnce secccce ce scceateescies cence se meeneeeaess ooh ese oeseseee 173 
Buel Branch (locality 14; measured section 9) ...................0.:0000 8 

ea RARE SACO CSEOS OER CEA COR CORTE COPED AEE ERE 9,157-159,173,180 

BU Otel ALENT ILC eee petca: ne och tr oer eee aoa Sea eR eo 162 
Bullivant (1968a) 161,162,164 
Bullivant (1968b) 160,162,163 
Burcklex(i960) mesrersscee ccs case srecceceee cree ene earer ee 41,56,127,138 
BUTlinptony Grouplecreccsstcee eee sees rece ce ee oee een ac eee eee osama pee eee 11 
Burlington Limestone Formation .........................- 10,11,14,88 
IBUSKA (USSD) Wier cscs sase cones tote ease ceeite tne sends sor eis Hoes Sparse 16 
STOLE (GIS) ees ete eas ek ae a ne ee ne a 12 
@ahokiayl:24:000iquadrangle\(1954)) coc. cence. cccesasececnecesess- 176 
Gam pbelli(9Gil) eeeeescere ne oecceroeee oe oe eee eee 22} 
Canton; -Missouri—A\ (locality 117), .......-.0s.c02s0---00..caseessase 9,174 
Ganton; Missouri—B (locality 1'8)) 2....c2c....-2-..0sccess0ce:esses0 9,174 
@anton: Missouri—€ (locality 19)! .......cccs..cc.cstsseses.0se2ee0s 9,174 
Cap au Gres Faulted Flexure 
G@arozzZil OGD ios cc occocacceodeovoesses ae aeucocans lose tov svvtae veedar steer 
GAT Pern Mere esse cea a aaa se des ae are a fiavoac sete ae asivs ne cee tenmTaeee ena dl 
CarrolltonPAntichin@herece sea seeneecee ac eees one se ateae ee ieee eee eee 15 
(CarrolltonsMlinois! (locality: 32))cscsss.c.22cee-ce eee: sseeerscces se 9,175 
GavernellaiMorozovan O74 accsccte cece eeern nee sere ok eee nea ese 23-25 
Cavusgnathus unicornis—Apatognathus Zone .............6...06.0++- 12 
CD [autozooecial chamber depth] 

LESION nce acer So nN PANE Goa chs TONES RSE 


illustrated 


Genvellax@hronicsm94 Olen sega eaten serene sencee a: sees ae eee a asco 
chamber lateral-wall budding-angle [LA] 
CUEING Sanne Be cae ene ero a are eS FB 
LL UESEX GLE eam ee ee RRO ee Sores ee Coes ae 37,38 
chamber reverse-wall budding-angle [RA] 
1G LT ie tre IER erie ne Ree OR ER CEC HET CET EC REEET EE EERE ERT FB 
HILO G7 | eco one ee BEC Or eESCREPET EOREERREE PREECE EE EERE ERPE EEE CED 37,38 
Cheetham pAwp ances sectcrwses ses sa sae ee aeisat cites tea dtomene cesaeseeecees 7 
Chester 


@hoteanwhormationwessssesse re sessereeteen en ccete re rresetosee sence: 11,14 
@hromich(iG49) were ces ee encore eeae eee eee ance renete tae 22 
Cincinnati Arch—Nashville Dome ..........:.....+....scsssvssecseseeses 10 
cingulata, 
Banastella ... 20,21. ...... 39,73,77,78,79,83, 156, 158,211,212 
TRG TIC Tes cant aetna tne aaah aa nen er eRe Eee RARE Sei AE aA ROARS Hs aE Ta 
CL [autozooecial chamber length] 
Ge fiNCd Ne racc re cerecee Teas son stes satan se sace dat ae sigesd gwar oa See cena sae esos FB 
LLLUSET ATO C meee eer to ete coe Seen aan ae on eee nee 37,38 
Cole LOG) irk. eaeseer enc seer so rerecae ates ca ooo sateen coer near suctedton er nere 16 
Gollinsont (U9 64) semester ete icecee renee retee 12,14 
Collinson; ‘Scott; and Rexroadii(1!962) <. 2. .....0.0.2.0.00sa00- 12,14,174 
Columbia Roadcut (locality 48; measured section 22) ................. 
BS eSit ceed ce Cates Case PEREGO ORT aS aE ERO RE CeaunE Seen ewe 9,157-159,176,183 
ColumbiaiSyncline ers ceercs eset esos eee tose oan tesa crete 16 
COMMONS (AETINEd in nae oka enter soacn Cun an tian he eear ites rete ss 156 
compressa enestellair trons. sear eee eee ee eaten ee enee 97 
Condravand Elias (WG44 ite eee nen, cea erent ee eee 
Rect radeneccecesdweaees 17,18,41,45,47,56,124,126,127,129,130,133 
coniunctistyla, Laxifenestella .......... SiO5 7) cee 7,39,49,50,52, 
53,56,156,158,196-198 
Connell OiS) esc nas tases sae bas ce cenpere ceases seen a eee 160 
Ook (OT) ee ee eae ae suctacee me sheesh ates aches eeesse eres 22,166 
Gounty/Roadwidocality.42) mx. 5. .rscctee cect teers eee ee OLT75! 
Cragwold Road (locality 47; measured section 21) ...................... 
SEE RCeere 9,56,58,72,79,95,97,111,136,149,157-159,176,184 
ChASSQLGNAPErtOStellay tressese acco 36:37.) 2a: 7,39,97,98,101, 
102-104,156,158,159,227,228 
Grawfordsvillensis DichyOCIOSLUS | jer ssnce ton oo tenn see neereee ce ees eee eee 12, 
GrisiateburneaMamourouxs 1812) econ sesese coset eee cee scereeee 163 
Crockford (1944) .................. 22-24,28,30,32,39-41,61,62,65,97 
Gryptosula pallasiana‘(Moll, 1803) <...22..00...2+<-4.0--2+00008- 165,166 
Cubifenestella, n. gen. ........ 7,29-31,33,34,39-41,88,90,92,97,98 
globodensata, Nn. Sp. ............-.. 33534) 22e. 7,39,90,92,94,95, 
97,156,158,224,225 
rudis(Wlrich} W890) iesccaecceteecsee --2- 2OS0 ee 39,83,88,90, 
92,94,156,158,220,221 
USILALG, M.S sccssessee cocci 3153202... 7,19-21,38,39,90,92, 


Cuffey (1967) 
Cuffey (1973) 
Cuiver River 
CuivenRiver (locality339)meccsc.cs spect. seers aoe nce eee cree ence 9,175 
Cumings (1901) 
Cumings (1904) 
Cumings (1905) 
Cumings (1906) 


umn gsiGl922) pees sess. ccs cose ese ssaet ens cece or eaae oe see ee eea se tet eee eee 12 
Gumiin gsSi Basten b seeen scree tebe ae statsnceencteatoncarencetenceeenteesies 53 
G@yclopora ProutSS Gaunesesecarccseecesascess seeceeuncesese soe coe cee enteee 12 
Gycloporellad@irichsel 889 essesese aececescetceese sce cte teaser ctese teres 12 
Malesia) \svcsrecscevericesssevene vase devs srewe sane Oesesiteone ee geue tone 160 
DBC [distance between branch centers] 
CETL a0 | pee oor Sac eee RED EE EES Pee BE CECE CEE ooCOE EE OIOSCEO F.B 
RLLUStP ALOU ie cao caw cde c nck cdeesoce sta svesvesveevataeceseereeeet i vecsn aeseeees 35 
DCA [maximum diameter of central axis] 
NE [MTS 8 ac pts dade Bone pRE ECB E ECE E ER OCR EERE ES FORCE OSES O OCD EREEEC FB 
LL LUSUR LEC occas Sears aetso Se Seas Se OT ae Te UE TER Panes 36 
DMeermickvAnticl nese-cscsces sce earennenose tess wove oo eew ee tense sated neete 15 
GelicataMBANGSIEIG y.scesesecene eee ee D728" Gers 7,39,73,86,88, 
156,158,218,219 


ENALOIGES POL DON Gaines demectade cs cceaecectes = ate acces see! eeedcsee eer 142 
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Dennis Hollow at Valmeyer (locality 49; measured section 23) ..... 
. 9,45,47,49,54,56,58,60,61,65,67,72,76,79,81,88,92,95,97, 
114,116,119,136,146,149,156-159,176,185 


DessMOINeESWRIVED, saz seeseesecs cose. ceaeieeseuatecsts eueeese cere smee ase 9,173 
diameter of macrostylets on reverse branch surface [RSL] 
GEN CD Re ry ire rer eaten eae ERR eee ED FB 
UITUSERALEd acess = socom eee ene one ane Pe ETO See eae 35 


diameter of microstylets of reverse branch surface [RSS] 
illustrated 


LCN gee on ace Re one nee EO Tee Ree Se ECT EEE 
diameter of nodes along obverse branch surface [DN] 

A CSIN OD Ie oN, cece ota eae ae eee Ton ea SE F.B 

LLLASER ALEC Perce ant eae eee ae ence eee Pes ee A ener 35 
diameter of nodes on dissepiments [DND] 

CEPI CRP nar ots coe OO OP CORE OE Conon 

illustrated 
diameter of stylets on obverse surface [DSO] 

(a (ALT Oe ee PREN EC tee ner Eee Per Eee ori eect ree ececeL Lee eres FB 

LLStrale dips ese aaa eRe eee TRE ene 39 
diameter of stylets surrounding aperture [SAD] 

LOPITIOC Pps ce tate RRC lee oe eS ae A ee a ee eae F.B 

ELISE LCD xe onda s ath: Talis. ected ane nase ements roe ga toetetnce as 35,37 
POONA TSN FA accra cece tance amenreeut ecw amnuencecan ree eee ces ten 160 
Dictyoclostus crawfordsvillensis (Hall, 1858) .......................-- 12 
dissepiment width [WD] 

LOC Cay here SOE che Meee ta ne Ce EO ee RR era F.B 

DILUStV ATCO age cece ace camebns eeekack Wet eee ee eee SOAS 
distance between aperture centers across branch [AAB] 

fold Flag hege likes Se HORS ease A ee Pe ean AE Soe SO Oe See FB 

LLLUST PLCC aoe eee nae cower oct ae Re See eta cee cas ete eae cae 35 
distance between aperture centers along branch [ADB] 

TOL] ALT GOL eA RABE A ENE Reve PPC Rtn ER See a er FB 

MUUSEPALOG sce Sarean ect oveteuneaesceieetauied stad aceneoacseaeareseateten eno 35 
distance between aperture centers between branches [ABB] 

COPING. eet ae Secu tease ae ene tea ane ea Seed CATR Mates Dea cane FB 

DLILES TLE Cree tres sak NOON See ee ete SEAMS Ae atone Bee 35 
distance between branch centers [DBC] 

LGN? hain esr PREPARE RR Hct RE GATS REE Pe TPE reE CPALCe TRE Geer 

illustrated 
distance between node centers along obverse branch surface [SNB] 

(ALG NT ole RnR ae ere AUR ene ae by ED TM a oe Re F.B 

DETUStRAL CR 22865 oo Seah ees SORE Diced A ERR or ee oe cee ee 35 
CISLQMS CATCHIMECES. «ator cameos den tenes toe case es Soe Ooeeee ace a aces 126 
DN [diameter of nodes along obverse branch surface] 

CESINCE waevsna mena es kone: Nasa Seae ce desea eeu Ee ON aOR ERATE F.B 

BLLUESUK GLE: ase Srmcters alec teats se eee meen ae oe ee Ree ee 35 
DND [diameter of nodes on dissepiments] 

CEPI a ev nvacoeosa asec sence eee UE SRO ae FB 

UUStR Aled) See castresecaectes sas: Saeed eects Seam ERNE en REED 35 
DogaddanellasGanesany, 972.2 a, cou tecees cc tencesenease seca ee te ee 22 
Drake—W bite: EallvAnticlineysacec.. -ecce-eaecueceerseesse ene rena 15 
DSO [diameter of stylets on obverse surface] 

CLEMO ere te rs ee nee ree Tce Sar OR ROR Aan RT ae 

illustrated 
Dunaevarand Morozoval(1'974)) c..ccc.:-c0deecccsesaceestese-eesse 16,17 
CLUDIAKIS:| Minily ance sacast rer oe tes, eee Sea es ROTC Ree 61,62 
Dupo Quarry (locality 44) ....... cee oe SN ta ar el 9,176 
Dussart (1964) .<:::..... raat amie hedanty she te Reah ct me renee 162 


Eastern Interior Basin ... 
eburnea, Crisia ............ 
Edmondson (1965) 
Ehrenberg (1831) 
Elias) (U9 64) t. scctsccticses ean cstasas tet hc cn tee nascent home ae 

Blias;and! Condral(U9S7)i..cc. sec osseseeeteese es F,16,18,23,41,56,61,68 


FndothyrasehillipsagliS 4)lewececesccees sees eacers ates esate cee een 15 
Engel (U9 AS) cater e wecaeee See ueneseane dent tee coe seen ade te seer e see eee 22. 
Engelmann (1847) .... 115) 
Engl am Git ee estan areca cme aces cers ata eet Se Se 23,106,108 
] 070) 1) Cee ore Pee nee eee Sees ene oer e be resacedancrteckereceadhc 10 
erkovae, Fenestellay :teccercses.asscucsccoaeeodeecus So ete arene teeter eee 67 
EUTODG is s.dasseces cfcecesoteeaste seesese see ssGeusc est saeteceseecaes Geer ee eres 19 
Exfenestella Morozova, LOT Wetec sesssancceeeseees reese 23-25,27,28, 
30,32,34,39,40,67,68,72 
exigua (Ulrich, 1890) .......... 16,175185 22: 39,67,68,70-72, 
101,156,158,159,207-209 

exigua, 
IXCNe Stell Dae eee eee 16,17,18 ...... 39,67,68,70-72, 


101,156,158,159,207-209 


Fabifenestella Morozova, 1974 ..........0..c0ccceeceeecceeeeeeeeees 23-25 

Fabricius(1/8 0) vz. .csncesuseceess ona cecactsseescveceaneete oe eRe teen 163 

Family 
AcanthocladudaeZittels US8O) ...2. sc. 2n- sees a. c.seeeseeeeeee eee 17 
Arthrostylidae Ulrich) 1888 ..-...<ccscc.ac.0ce--ee-ss cress esr teteeeeae 17 
Diploporidae: Vine; US84 v2.20. .c22.seaesseeses-stuseces ove oceementeee 17 
Fenestellidae King, 1849 ............. 16,17,29,34,39,40,156 
Hiyphasmoporidae Vine: W884. 2252.c.1.ce-coseen oneness eee seen eee i7/ 
Melicerititidae d’Orbipny, 1852) 22 .2c-2-2)--2sse ese mecs econ eee 16 
Phylloporinidae Dunaeva and Morozova, 1974 ............. 16,17 
Polyporidae Viner 1188 4025s. s.ccucessecoe ese 17,30,34,39,136,156 
Rhabdomesontidag; Vine: 1884)... . eee. eee reese -eeeeeereeee ib 


Fenestella Lonsdale, 1839 
antiqua Lonsdale, 1839 ... 
cingulata Ulrich, 1890 
compressa Ulrich, 1890 


erkovae (Shulga-Nesterenko, 1951) .............-.csscoecsesessseeees 67 
exigua Wilrich,. 1890 ccs « socccescesceteves soees cenne os ebeonse Ee Rereee eee 68 
exigua springerensis Elias and Condra, 1957 ..................0.: 68 
flistriata Wlrich® W890) 2...25. sssoscese eccens cess osee eee 88 


funicula Ulrich, 1890 
hemitrypa Prout, 1859 


... 76,94,95 
= Wes 


LOWENSISHENIAS? 1964) ct. osccsesteossaniesocneeek cocaeente aceon eeereee 90,92 
limitarisaW nich lS 90} 222... s-scctes terest ceceeecesenec oe eee 81,83 
medvedkensis Shulga-Nesterenko, 1951 ...............0cc0eceeeeees 40 
multispinosa: Ulrich, 1890) 2.25..202-de0.csucs- cece: so ceeeenee eee 47 
Owenana Hall, P857D: voc:ccassesencecsaesstyemanieceanaeiaese senexemeaeete 
plumosa Prout, 1860 .... 

régalts Wirich, 1890) <.2<2:..:.:2.<: 

rudiformis Elias, 1964 ............. 

HudisaWirichts|'89O)se este ceurcee eect een etre ene 

sarytshevae (Shulga-Nesterenko, 1951) ...............ccscceeseeenes 49 
serratulaiU rch: W890) se ates sconcecereseonesserece eee eaten 41,56 
stocktonensis Condra and Elias, 1944 ..................eceeeeee 45,47 
Ssubantiqua d'Orbigny, V839... ccs csersssensecesstees se eseeneeceseeeeee 25 
submicroporata Shulga-Nesterenko, 1952 ..................6.. 41,45 
tenax Ulrich, 1888 .... 40,41 
tenuissiia: Gumings; 1906 tiinnccsersossuensecs ora deasscseeeeeeers 45,47 
PRISERIAUSHOITICH 18 9 ON, cae eaetate scene eomenee eee cae eee ee eee 65,67 
Worthentstiall aS S/Die. a asctsctaec scecssnceee ence te eee eee eee eee eee 130 

Fenestella.(Archimedes); Hall, US5i1D\sccs.ccscte ses 2ese0se 220 -eeeaeees 124 
worthentsHall 85 be 2. st-t.ccc--seeesee 

fenestelliformis, Synocladia(?) 

FenestraliaProuts V858a".... 20.05.50 cece 27,29-31,33,34,39,137,141 
SANCLI=IUCOVIGIBPLOULrssense noes eee areas ee eee 138 
sanctiludovici Prout, 1858a ....... 63,64... 39,137,138,140, 

141,156,158,159,254,255 
SH CuUdoviciProutwlSS Sameaceesseo seared cere aerate eee 138 
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Fenestralia? sancti-ludovici Prout 


Fenestrapora Brederiks; 1915). ccsec. ccc ce<2eec.c-roececes 
FenestrellinadiOrbieny: 849) 2i.....:cs.2e-e--se--eeecesecseceossees) 225 
LULLISDINOSAK WlniCh) eamsesseencet acest ecenc ec emere nee cn aaseesecetee 


filistriata, Fenestella 
Fishhook Anticline 


Elabelliporella Simpsons 18 95a) estec-c--- ce sees sees seen eee eee cee 
labelliporina Simpsons iSO dae secretes ses ces sec aes sarees se ee ere sacar 
Flexifenestella Morozova, 1974 ............:00cesecceeeeeecenees 23-25,50 
fluctuata, Laxifenestella ........ 1213) 7,39,50,53,56,58, 
59,60,156,158,159,202-204 
lustrellidraynispidaseabricius; ly SO) scree sesee: eeese eee ee eee eee ee 163 
Rootes MineraliCOsees sesso snes as sees ae reee core ee Ce Se ERE Sane Cae oee 173 
foramenmajor, Apertostella ...............62.0. 35:36)8e-- 7,39,98, 
99,101,156,158,226,227 
Forest City) Basint cs ce.ccc-cesceevaes snecnccaresnveciecnsecceccereadancceescess 15 
Ona ynevHOLMAalON eves ieee.cseeseseccecest sees esters ete decssteeesteses 14 
Frederiks (1915) 22 
Frederiks (1920) 142 
NULNIGIL] CPR EN ESTE Cima nee tesa ceee serene eee eee 76,94,95 
FWT [thickness of front-wall (obverse-wall) laminated layer] 
LEPINE mrs c chase neo ie oes Seren Tes ee eae maeie ss SR PaRSEaeT aces saeeaees FB 
LLLUSUR ALE are tenmn aria ae aohcoe ne Me cae ee RCRA REC THRE teres eae ee 37,38 
Ganesan (O72) iat corse cece cee aes amen eset eranaaces hates 22 
Gautier (970) eerseteererattetees terete cesscuesasoeseseereeeamesese eee) DOs 
Gyatiera Cli Os 2 recato-ceeerrore eee eee aes enema sees mean seeteeteaanare 22 
Gene WieVie Stages csreccccees es eee te sens oece seat eoeer tes cet cone sete coset eee 11 
Geode Glen (locality 11; measured section 7) 3 9,58,72, 
85,101,111,114,119,121,122,127,133,148,149,151,153,157— 
159,173,179 
GerstersBormatlomy sececsre secon cease tec eee ce eate tee see cee ee eee ane 39 
GrleadtS vinchin Ge ercsceceee cecees aeons terete ane see wateten aso eieeetaesees 15 
globodensata, Cubifenestella ............... 33°94 7,39,90,92, 
94,95,97,156,158,224,225 
Gnathodus texanus—Taphrognathus conodont Zone 
of Collinson, Scott, and Rexroad (1962) ......... 
Gordons Ge Ha(i895)) csseceseces-tsetes scotia case scsceee tee 
GordontD MPA WUOTA) aber snrcce ch eeosecneetes neon emer eseieieeeeeeneas 
gracilis, 
POI) PON Ga mesee ene ssae see ee 65,66... 39,143,144,146,153,156, 
158,159,256,257 
POLY DONG) Weeere eee ene ere Re SESE Roe a eee ETE eee eee ee 144 
A RETENIG ((GB)), THON ROME) pospcasaacbocices seaccosneeaaacasdnucencebedcsosocson 144 
STANGISWANCHIMNCdeS tres ernese sete acne ee eon ene 124,127,130 
Grays Quarry (locality 9; measured section 5) ...................:0c00000 
Bo ee alihe Sawa oe orde sige Gee sored si ouleeuee at eee oe aslo ated 9,157-159,173,178 
Gruen bungee ere cere es cocci ee or atin one ete ee nT E AEN ens 
guensburgi, Banastella ..... 18,19,20....... 7,19-21,37,39,72,73, 


74,76,83,156,158,159,166,209-211 


agemmany (lO SM)iennsesreceeaecnere cere neck won cenes a sose cee ceeecom ee eee 7,39 
FRA SEIMANMS ste rec cere seer eeeson nee e sae e alone seabed onsee see chaeetsseees seas 7 
Ta EVUE(QICY: 7) ie Sarena ee re te he ae RE ee ee See 17; 
EL ALI GU S'S2) rere sree ees cen eee eee caso tan neeesaceee 17 
Hall (1857a) 12 


Hall (1857b) ..... 17,39,71,122,124,127,129-131,133,156,243-251 
FL ALES SS) ee teen.ccwse: seta. cst tonee seen emanseceercnte a tember rust eg ohvee stones 


reece 12,18,27,29-31,33,36,39,40,56,122,124,130,133,136 
LAL (NS OA) upemenerensteee cence eae eeacee ce costeeen eee eat ake cate meas 14 
18 GD (SIS) Vk coadeccbecoicccosmonceece: aaceec ce eeeeeEcneE Ee ioeeeee nc Ree eecerce 17 
ETAL lb (18:8) Reece stees ence soc acccece outs -eice secu ee once patause fsuniontoata rea sas 17, 
GRA ChiMed espera nec eee emer eee 


halliana, Polypora 
Hamilton 1:24,000 quadrangle (1964) 


Hamilton—Warsaw Roadcut (locality 10; measured section 6) ....... 
. 9,45,49,54,67,83,92,95,101,104,106,111,114,119,127,130, 
151,157-159,173,179 
anni baliShaleseess tare. csestics cesses tsp ececes es .wsaaneet ses Ae tery ee dtl 
Plardini(li9 GO) iercccsrsscccscceee tesa see gets ace nce ee-ancss Mecszsesanscateeesee: 160 
lardinySynclin@hasesactevcesctosceve sews civatincessuteseacseseestcecteancee store 15 
HarmsrandsParker (9.64) gecsctesces.-ccecreseseseccezcesete scenes: 11,172 
Harrodsburg Limestone Formation ......................0.006 11,12,14 
HemitrypaiPhillips: 184 ly ssr.cseeces-se--ssccseesse- F ,23,27,29-31,33, 
34,36,39,40,103,706,108,116,119,121,124 
ADrilaesMeiSPs see deveeeeaccceneee saetae 44,45 ...... 7,39,108,114, 
116,156,158,159,235,236 
aspera Winches 890% 2...ses0scces 46,47 ...... 39,108,/16,117, 
119,156,158,237,238 
hemitrypa (Prout, 1859) ............. 41,42,43...... 39,108,177, 
113,114,121,122,156,158,232-234 
hemitrypa nodulosamMlrichs 890) a2. ssscs.ee-sesesese-seseetese cess 114 
hiberniciaeMcCoy: 8445 esrces eck westeceadore oetene ee nas ee te arene es Di, 
MOGUL OSCigeee en ee Serta oe ee ee eer oe Ta ees 114 
GculatasPhillipssSa snes e-nc.<sceeses coe seecssees< cesoreececesee vec 106 
pateriormisiOlrichs S90 i ws .cceaecsscaescee-eostcees-ees aeeeeees 108,110 
perstriata Wlrichs1'890) e.escc.ceee. eee 39,40,41 ...... 39,106, 
108 ,109-111,113,156,158,230-232 
DIUMOSA(PTOUL AIS 60) hacecescpes eee es see eecere cee see seeree ate aee ser one 113 
PrOULANAAOITICH USI OMe acct .eccoesseredeecssecsatescseneeccecess ISLE NGL 
proutana vermijera: Ulrich; 890% cscs. +2 -ccene ssessaceesee tes 119,122 
vermifera (Ulrich, 1890) ................... 47,48,49  ...... 39,108, 
119,120-122,156,158,238-240 

hemitrypa, 
RENEStElL A} a se cie acee sao ose ose N OEE oe Se eee eee eee LETS: 
IBA AY IC sencepsodaeebeccede 41,42,43...... 39,108,777,113,114, 
121,122,156,158,232-234 
ELON Ty SDD i seeks y tacaes se ehat ceca beh sSeceees ne seecereueras ta. eee inte tae eee 7 
Hibernicia BH emiitrypds.encuesetcseceeenae eoweek eee aces one rae oxy} 


hispida, Flustrellidra 
Holtsclaw Sandstone 


IL OOVER MIDS aceesnct sasatees sence eececeaesssteced ay sacsudapraduadeuensatoemeuneses 7 
Hopkinstand:Siebenthall ('S9/7)r.s-sesceecscses eee see sea cresceters secre re 14 
Oro WitZi(19 68) erase repre ce ceoucse eae cuetemecwectinsssesea cee tetera: 19,34 
TOTO WAZ ar A ee eee een oo ie oct Sees ences Boe ae ee ence tence se noes eeatouk 7 
Hutchinson (1959) 
FAymani(19'59)i crsecettoocssseccccsestaeest cooets oven cvcneesatencneas ore 
Ignotifenestella Morozova, 1974. ............s6ccseceneeseeeetsereeee 23,24 
MMi) O18 eMart ese eee ce oo see ve oe ree TE Oana eee OFMIeN73 
14,173,174 
15,138,141 
APDANOOSC 2s soocaerars satesseercs csescs Run ccoreseeseteeedc cases rose enemas 127 
Beardstown ..... 
Brown Co. ... 
Calhoun Co. .... ies 
Ghampai en Mrscce sce osce vers ces cseoreeee be aie ean ne soeses Sues eetaaennees 
Gollum Diaitio sear cases eras covareacerenente tur caorsaceceeeevenesesete 138,176 
Grafton 15 
IGTEEN CK CON reser eee reseed eccsec cas cava tesseneses tesotentenese 15,174,175 
LAM TOM eres eee eee Sones cas ee cn re teac sete c'avaersnsiae se nets: 173 
an cocks Gon eascssesosces cs osccat sos seaerseseecueescncsesieeees 14,172,173 
GeoderGlenvatsWartsaws sercrenseter se secotesceenssacee seers 12,14,173 
IFFENGEKSON GOs iiescanesees goes eeGue vores sawhorse ccc scune se iatarenteece ees 151 
J ELSE VEG O Spe voce ees ea aeee seen ones see ee seer re ere ene eee 15,127,130,175 
Mla diSOmi@o sere acs caoncesie secs tases ous nloave destuee te oobse tevaleot sean 15 
McDonoughiGor savccccrssusesccsessccs seesons Soc esteaeadcecweodeesete nse: 15 
IMOnTOCICOn eascescs ctcess ese =see 16,56,67,68,83,111,138,146,176 
Dennis HollowiatiValmeyer <..2.----cer-seee--- eee 11,16,47,60 
IMiteiS terling frcscsnse-scescse soe etece st coe coc soceceesocsessnsc ses 83,106,122 
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Illinois 
INALLV.0G! fecsceecestesresseoceeee 8,56,77,90,116,119,144,146,151,153 
INGO Gas Ars states ore since ie tipo Sac es a SS eIRaE aon cee larne geist crete neers 172 
PIKE CO's Sak oes sie tan es Seas os De eh ote Sree er eae ne Tree see once 15 
Pulaski Co., Ullin 14 
QUINGYE h-ctacces Feeseeecsness Secu oe eeees tile se Soe ak seems oceuaee es ceets 
Scott Co. 
Sonora’ Quarry near Nauvoo! cc. j-scce.0- <2 2 -cec sce oeccoscatess eee 14 
Southeastern ccc. tesccsce re sesuswaat-speseasasonsseeee siete see eeereress 14,15 
SOUPHENIM ce. sanahersee cise becnaseee ne soso tee Secon aaeneeen taco ees 14,15 
StiGlaim Gover: 2 sessescdeceoters seare sie cee ncaceeie meanest oceans 16,176 
Wr Danauc ice cecete hace ches see asec resents seston oh teen Tae ne aeeem narrates 72 
Valmeyer .... 8,15,65,72,76,79,81,85,88,95,97,116,133,136,176 
WieTSAL SS ieee a: rece secre Pete eee tee geeriae ie came re see ate eee eee eae 174 
WialSAW! - ease: ose eces sete oe 15,56,61,71,83,90,92,101,104,106,111, 
119,130,133,138,141,142,144,146,148,149,151,153,173 
West=Centtalls <ccJediscenscetan canis somacins saa atendnesteeaumcaraaaseoethoy 14 
WESTIN: cdacctavscenecnstscenecchosteseasedvatedeeustesssdetwetceee arsanes 14,15 
Wil te MEL allt: svworecdcaes seo ses ceericemevec ote dcee eee es eeeace 15,97,104,136 
Dinos Basin’. eesesecessteeeensteeeweceseee ce eteua rece 10,14,15,88,160,176 
Illinois Highway 
Br eee ea eo eee coh mc at oe ees eae te tee to eC a a ee ck ae ea 176 
DSO. oe ie se rede estos abs, Sacha ae o5, 209 ayn tee De pent a acdintask ets eaenkeeeNes 176 
NN Gi7* & cexjnoscemccas coutioa cose sae ee Sata uieasoa tin wales occa Meena ses eee Sauer eat 
BOQ eo casaien secuweneh cases se ghuawivestet ds one sdenceee noses dacer: aseactesees 
Illinois River .... 
Indiana: caceiss.sseapect sense seece eae oreeaeaeve : 
Dark Hollow near Bloomington ..... i 
amilton' Core: ecsecece tetas eacssnead ieee sate tease ve eae eda re cvewtentees 14 
PlATTOUSDULB icc see to. case sca vaseacexeuccticede tens eee ateoewsueeeeesetaceaeses 12 
WashingtoniGo:: Salen ci sscsces.- -eseeeny serene ace see esseeeeseeeeseees 14 
Indiana University, Bloomington, IN .....................0.:00000e 7593 


Interstate Route 


AUIBUS TAY cose soc, esneeosse se caaa test ee econ eee SREP ERE s RSC ee 172 

ISGP AS teers erecta oe ree eae oe eee Se aaa ae ree ee een 14 

IBENTONSPOLt Re ess chins cee ces seen cece chs Secseaceccen Sshaaei oot eae ee 
een 15,81,90,106,108,110,116,119,124,126,151,153,172 

Burlington <:.....0:6s- 

Des Moines Co. ..... 

CASTE GTI ee Soe ah ar eee es eee osama rs MTL CAE eae Se ch ae 

Keokuketeee-sernice 9,15,56,67,77,81,83,90,92,101,104,106,108, 

110,111,116,119,124,126,127,144,146,151,153,154,156 
Dacy Keosauqua’ Park, s.sicdsccccserecesnetsssnavesvisceecessssvesens cvs 172 
Mech Coun. weec steht 


Soap Creek at Keokuk .... 
SQUtHEASTEMM) .e-scece-cesaceec ess 
SOUTHER coer cscs beri ces ctees uc teeesa cone tac ee ects c en eee nee on en ae eee 
Vani BUTemi GOs, caetcceessatestacowcses. cessor torte ronecunnte rea nest eeee me ig 

Iowa Terminal (locality 5; measured section 2) ...............::::eeeeee 


ISGS [Illinois State Geological Survey, Champaign, IL] ............... 
7,8,11,13,40,45,58,83,85,92,111,114,119,122,127,129,130, 
133,141,146,151,241-243,247,254,255 


ISM [Illinois State Museum, Champaign, IL] ................... 18,40 
Jackson:and Cheetham: (1990), .c......c0ceceueecs-cotesesesetevecsees 33 
Jerseyville 126275 00iiquadranglei(1930), io..ccc es. ce.ccssee sce scee voce 175 
IAISINS (94D) Fe euscusacvncsasenssuacecaer eu ot oses tan eee NO cere 47 
INGEN Tan csccereeecatenocs sud sara era cebnat clare sldle SuSE ape SS ea Rane 7 


Keentuckypte cescck ate eect cten vs eece eneeee aes ees eer aceae ee eee eaneae 12,15 
Caldwell! Cote 4 is secicedecs cecites scan aan eee eee 56 
CnittendeniGoseecrerss secon ececnccec cobs oe este ce teen are oe een eset 56 
Rungs* Mountaineeesestecsteseerec acetate eecen ee 
eVOnsk Ones seceeeeseeers 
Sloan’sVialleygermiect cosnecrateace te eeee ceo arenes eee ae 

Keokuk 1:24,000 quadrangle (1964) ................ccccecceceeseee ees 173 

KeokukiGroupi stesso see 11,56,77,81,106,108,110,111,116, 

119,124,127,144,148,151,153,154,156 

Keokuk Industrial (locality 6; measured section 3) ...................... 

OPE REE AS Soe aeee ek BATE 9,127,130,157-159,173,177 

Keokuk HimestonesRormation® .-scscrssersocereenecseeseree 11-14,56,67, 


73,77,81,83,88,90,92,98,104,106,108,113,116,127,130, 
144,149,151,154,156,158-160,163,172-181,183-185 


Montrose’Ghert. Member <2ioccc.cssccecsesecseenssesesecreseesereneetes 12 
Short:€reeki@olite Member ie. sa. 22 acu. sse0e ose cone se sree tones 12 
Keokuk West. locality’ 8) ca iiaccasemecs ces sees coosilsae teenies seeeceeeee 9,173 
Keokuk Orthotetest 2.) fcs, <cctecwosiccvaseeee ete ee 12 
Keosauqua 1:24,00 quadrangle (1968) ...............c.cs:eecsereseees 172 
Keyes (1894) ............. $6,77,81,83,90,108,111,116,127,130,133, 
138,146,149,151,154 
Keevesi((US95) nce. scstece torieas sine heationeack cosecueacsee ties acete a eeemeene 12,14 
IG yeSSi Gas eciste sis aceess Suceosas cntnseoandsneteeealescanetesceseatneeeeenes 108 
Rai bbe Sta th oniisatcccsesasess acess snctaese nous ae de sce tenee se ene tek tent e eee 173 
KeinderhookianySeries 2. 2..ssce-ve see secesecseneceereesesestenetteres 11,138 
Kein gi S49) ie Se eee ee es cask seein acs ae neem eae 17,39,40,156 
King s(8SO) reed cesscentccts.suecsechesas eeceee peee 17 
Kirkwood 1:24,000 quadrangle (1954) ..... 176 
Kileimy: Gi ID? cov cceckc oscenstaed sceveeesssincedetaaienemseeetescneeree eee il 
Knight-Jones:and' Moyse/(19611)) -. 2.2242... .2-.c--c cece oseecmneseenes 160 
Rodabromide@) sicsc.ccesecececctanten ome sauaesscsenasactoneeeeeereeeanetereee 
IO AK yea. Sic its dade =o ste adabisads ara stccesasseanceesdeneeee seen 
Koenig (1958) ... 
olatasDi Re fi ecc..dsces 
Kritesvaille:Syncline! 2. s.csscecaeesessesecesceeedssceesesetee tee eeeeee eee 
La Grange (locality 16; measured section 11) ...............ccceeceeeeeees 
Bed vale en Relea te ea Gonos NADL bee eae 9,157-159,174,181 
LaGrange: 1:24;000\ quadrangle (1950) «.....5.c.2.0-c--c--20-coseseee 174 
LA [chamber lateral-wall budding-angle] 
OTN Od ee er ids esse catiss o cacy oe. RON os SSE SRE FB 
LLL UStN ALCO ee occa hn c eee een are ee 37,38 
EacyKeosauqua (locality 3)i....22.ssc<eese os -ones-eesseee aeeseee 9,12,172 
PamoOurouxs(U Si 2)i cts ccce ace edena ce hecee ane ccs on ee on ceeee eee een 163 
Langenhierm,:R:. Le. 2s: cizececeoseccuscee sve astaaiec -asds seteetoeeenetwenerreeee d/ 
Landonil948)y 2.30. a We eee ee 2 
Laxifenestella Morozova, 1974 ............00.0005 23-25,27,28,30,32, 
34,39-41,49,50,53,124 
CONLUNCTISIVIGENsISP yee. a eee eect es 56:7) fee 7,39,49,50,52, 
53,56,156,158,196-198 
IUCIHOIG, NASD erescesceeester see veces M2 NS) oes 7,39,50,53,56, 
58,59,60,156,158,159,202-204 
INACUlASINILIS® Ns 'SPsyasccc see seseestse=e SO ee neon 7,39,50,53,54, 
56,156,158,198-200 
serratula (Ulrich, 1890) ......... Pe C9 Uy ye 39,45,50,53,56, 
57,58,156,158,200-202 
length of fenestrule opening [LF] 
CEFN OU ee ee cee A Ten F.B 
LLUISTF OCCT enon eect ate Oe ee oe ee 351 37-38: 
LeSueur (unpublished) ........... 124 
Levifenestella Miller, 1961a .... 22 
Mevinseni(1:925) ik... .c-c..sascee- sc 16 
Bevinton G97 2)y oe ahs ee acs cee cheno cam otoaee nan uate sarcaee 160 


LF [length of fenestrule opening] 


MISSISSIPPIAN BRYOZOANS: SNYDER 269 


LGSIN CC ees sod er eeamestestene atc sienoe cae tee scuanconymeaeae taser eck Reece tee FB 
LI EUSTR ALOE erence ese aies saa Sea ose sae eo oR CROSSE 35,37,38 
limitaris, 
PETE IGINGT cp ccssccocpdasbcaseesone Das mee 39,73,81,82,83,156, 
158,159,215,216 
IE CHESTC] Gib mee see reece hear aoonca Eee aden Scere 81,83 
Mein colnwAnticlinessssseacese-chescsconccsesaesecs neoseer tetera taaecee etc eates 
eimcolniEom(MO@)irOadsWitss-cecaccossace. cece cess cen steer sececeesene 
IN COIMPRO]dmemersest eee rere ere eee eee ee eee 
Meimebacks (966) isc.cscescesssescssee: 
Lisbon, Missouri (locality 43) .... os 
eittlenwihitakernCreeksy-c sess. -s ase eee eee ce en con ites 
Little Whitaker Creek (locality 23; measured section 15) ............. 
be Atri anode OR tare tt Retard et ance tant 9,157-159,174,182 
Localities: 
IepAugustanNorthwesticen.. cesses ccecsesosteseceesecamcte seen tees 9,172 
2)Bentonsport, Lowa (measured: section 1) ci.nc...c.cc.esecessteeotees 
3: Lacy Keosauqua 
GiB INI OS IDCs) an cee nesocereiouetednenstnn satacdenarrinsecarbeennasene 9,172 
5: Iowa Terminal (measured section 2) ..... 9,157-159,173,177 
6: Keokuk Industrial (measured section 3) ....................0.0.0000 0 
pSASadadha docicuce Ronee ae REE ee ereee 9,127,130,157-159,173,177 
7: White Hollow (measured section 4) ...... 9,157-159,173,178 
SIKCOKUK WieS tetas scscc teases sessoeis ease sisessecsatesesee siceecmscse 9,173 
9: Grays Quarry (measured section 5) ....... 9,157-159,173,178 
10: Hamilton—Warsaw Roadcut (measured section 6) ............... 
een ae eet ne mosses nce eras eats oats 9,45,49,54,67,83,92,95,101, 
104,106,111,114,119,127,130,151,157-159,173,179 
11: Geode Glen (measured section 7) ............. 9,58,72,85,101, 


111,114,119,121,122,127,133,148, 
149,151,153,157-159,173,179 


MDA ATSAW2EASbaseeer ese eet oeee ort sha sore ee See Ree nao tenons 9,173 
13: Soap Factory Hollow (measured section 8) ........................ 
Re PRET LD FA Reet A Sarde nineteen 9,157-159,173,180 
14: Buel Branch (measured section 9) ....... 9,157-159,173,180 
1'53;Sand: Branch (measured ‘section’ 110)).2-2.2...-.<.<.<-.c.c<<+e0:- 00s 
ORR RR Sorte Ue ae Sa Ae eocds AEE RSE RRE hsm eee a 9,12,157-159,174,180 
16: La Grange (measured section 11) ........ 9,157-159,174,181 
MaCantons MISSOUTI— A. sese-ceseccaee sev seccccescrorsecoree se cece 
HS AxCantonMissOurl—'B) ceceecsserees sheseeccecssasaessercreeseeese 
1'9:\Ganton; 'Missouri—C  ...........c.c-2-06e-c0e08 


20: Mount Sterling (measured section 12) 


2iteNvickeeiGreeka(measured ‘Section l/3)ikecs..s.cee.seceesee-sseaeeee ses 
22: Versailles West (measured section 14) ...................eceeees0008 

Aa cGaG SOAS BAC ESO RE TE Be TOaP GAB ARC HSR EAE OPPFERCEAE 9,12,157-159,174,182 
23: Little Whitaker Creek (measured section 15) ..................... 

SOROS BO COUCOC CHEESE POLER CE EEE EE EPP ere 9,157-159,174,182 
DA sWihiteHall— A. oeiecccsscnceseccrsssecaeshesewess sateescaue see8 9,47,174 
DS AW bi test ial — Bigeeecnscsscne- cree sees ecceoeeres eeeee ..- 9,47,174 
26: White Hall—C (measured section 16) ................2...02.0e0ee00 

FF tcc ace Grae ee ena eat ce sore SUSE saa NE awe Ts 9,47,157-159,174,182 
27: White Hall—D (measured section 17). .......:.....2.02.0.0sese0se0s- 

eRe SA Bese go seer sor dace aoe Bec vacece ice Senlenets 9,47,157-159,174,182 
28s WihitesH allo. eoecesew estes ose coscecaneaease ete eeen 9,47,175 
29: White Hall—F (measured section 18) ................2c:00ceeeeeee es 

Jace eet aees ieee cueths ale .--- 9,47,133,157-159, 175,182 
Om Dite wel all Grape eecececacte iss stsbercetsetsacceseeasteees 9,47,175 
SCRWin ited ally ie oewene casas as eee dac eae ae oe 9,47,175 
82-4 Carrolltonslllin olsen seeee see ess onteee te eer eretcoreeee ec ses 9,175 
33: Benchmark on State Highway 369 .................:.:0006 9FI75 
34: Otter Branch (measured section 19) ..... 9,157-159,175,183 
BSN CCluskysWiestiersssaseane tes wee ciccees ce acoso ose ceoeeseresece 9,175 


362 SouthvhorkiOtter Creekyccas. -c-cqsssseesee cae retessevcose sees O75 
Si PBRIPPSIBran CM eerensreccee see ssereseest reece sceesteaes eaten: hens tse Pe) he) 


38: Piasa Creek 
39: Cuiver River 
40: Troy Roadcut (measured section 20) .... 9,157-159,175,183 


ANlieeENMLOSCOWpMIILIS Seecseesoacne gees te vceniovs os cases sa decks tdetecerate OI 7D 
ADACOuUNtyWROAMUW iso. wre ee ne teonesd i oc hess seaketosees dec oeeseesese O75 
AS PeiSHOns VUISSOULI Paes ee cece see ee ec ete nee eee ete 9,176 
44“ Dupol@uarnyi(locality’44)) 22. cz2ccr....cssesseesacsess00.c0225 9,176 
ASpiMerameciRiveriben dine sess. sessrescs: steer nese cc oneeae ens 9,176 
AoMarshiallWROade rene mercer asserts cc se ce. oaeea ade eae restos 9,176 
47: Cragwold Road (measured section 21) .................ec0cceeeeeeee 

Sa erencrees 9,56,58,72,79,95,97,111,136,149,157-159,176,184 
48: Columbia Roadcut (measured section 22) ...................0..... 

FO eee coe Ree eter to es 9,157-159,176,183 
49: Dennis Hollow at Valmeyer (measured section 23) ............. 


. 9,45,47,49,54,56,58,60,61,65,67,72,76,79,81,88,92,95,97, 
114,116,119,136,146,149,156-159,176,185 

Eoculiporina Ehasjand)'@ondra, 957 cesses. accneesaetterasscetsesess 23 
logani, Spirifer 
Lonsdale (1839) 17,18,23,24,40,61,71,85,113 
LRM [reticulate meshwork spacing parallel to direction of branch 


growth] 

ESIC an A seter we cote. kocctrec hos mee aay Ree eran enna FB 
DULUSEP ALO Bee otc Soe ance e aoe OG Cea CN GRE OME one 36 
MEUtAUGh(IGS 5) Ss eercrecectaccas cteaea es ceces tea: senate eee ene 161 
utara. 9:73) Mets Mi ee ties oer ae ca teen e ean ete ie acon cheats 161 
MMOACCOVANO ROLY DON Cape re attire eee ernest tee 146,153 
maculasimilis, Laxifenestella ............... T3809) ee 7,39,50,53, 
54,56,156,158,198-200 

IM Ala Vial Wrreeene ee nec sete or sce ae kaa Maca as atts ovo een ene ee 144 


Miarcusi(lO24)\yitetsnss 2. Be on cae seen caren nee ee 
Marischal (1965) 
Marshall Road 


Mary Knott 1:24,000 quadrangle (1972) ..................0ccecceeees 175 
IMassachusettstaWiOOdSHHOlO ys sce -ccessres sates eee seh ree eee ee 163 
MAW [maximum chamber width] 
CESINEd Mer pre Ed Cane eye eas oer ed. OL NE Ree: ee F.B 
LLLS tated manent eae ana ents ae a ce ee 37,38 
maximum chamber width [MAW] 
CLA lacie SOCCER EOE OR ERE e BAPE EERE PP OREO EER oe FE FB 
illustrated 37,38 
maximum diameter of central axis [DCA] 
CGAL EE miercnctcky oer arb ParcEaR tT CoencodcrGCDESPER PER aD Err SenobacA por FB 
LLTUSTV LEC a ates hn oh ce eee ee a eS a Ree 36 
maximum width of ovicell in mid tangential view [WOT] (defined) 
Be Rta eA tc oc Wha MS noo STOR SEEN ae Soe Fe aac ae FB 
Maxcvillleabim €Stones sateen ce -ccuesete-cccsccnseoseeeetnce eer esueoe eres 146 
McClusky West (locality 35) QI75 
IMc@oyi@li844)ee..5s-cee serene ees 17,27,29-31,33,39,73,85,137,142 
IMcEarlani(O4'2) tier scsccecne enc sere cnen sicoes eee ee amen teen 47 
IMCKcerandawieln (1953) t-cscacstce ae eee eee eee een a eee eee 10 
MICK Cel Gree kar canctes ct acccton tun tece reseed de Sees cee cutee eas eee eee aes 174 
McKee Creek (locality 21; measured section 13) .....................002. 
Sear conboa tr eee eee eee 9,12,157-159,174,181 
IMICKsin ne ya (9/761) eeaceceeas ca see tcer ee nce spec nese ner aereerne seer ere ecarae 166 
McKinney (1979) ... 124 
McKinney (1980) ........ BN ca SOT RITE TSR ST ENTS Tee 8,21,25,27,28,38 
McKinney and Gault (1980) ...................... a iade gatas stetercernes 124 
IMICKainin € VMS een e nee ne tents noe eee en ee fl 
IMG Nair (1193 /)) ierrate mera ee orca cect ee ee a cee oe ear ere 16 


McQueen> Eunchey; and Aid)(19451))) 2e.2--seccee-s-eee eee e---oeeeees 15 
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Measured Sections: 


1: Bentonsport, Iowa (locality 2) .............. 9,157-159,172,177 
2: Iowa Terminal (locality 5)! <...2.-....cs.+.-.. 9,157-159,173,177 
3: Keokuk Industrial (locality 6) .... 9,127,130,157-159,173,177 
4; White Hollow: (locality. 7)\ -...0....2se06.<-<- 9,157-159,173,178 
5:'Grays Quarry (locality)9)\ 2-2. se<esaeeese ese 9,157-159,173,178 
6: Hamilton—Warsaw Roadcut (locality 10) ....................0.00..4. 
. 9,45,49,54,67,83,92,95,101,104,106,111,114,119,127,130, 
151,157-159,173,179 

diGeodeGlen\ (locality Wl) Tesessccrsseee eee 9,58,72,85,101,111, 
114,119,121,122,127,133,148,149,151,153,157-159,173,179 

8: Soap Factory Hollow (locality 13) ......... 9,157-159,173,180 
9; Buel Branch‘ (locality 14) .....2.0.0.::-s00 9,157-159,173,180 
10: Sand Branch (locality 15) ............... 9,12,157-159, 174,180 
Psa Grange: (locality 16)! ..25.--2. mc s<2-e-.006 9,157-159,174,181 
12: Mount Sterling (locality 20) ........... 9,97,157-159,174,181 
13: McKee Creek (locality 21) ..... . 9,12,157-159,174,181 
14: Versailles West (locality 22) 9,12,157-159,174,182 
15: Little Whitaker Creek (locality 23) ...... 9,157-159,174,182 
16: White Hall—C (locality 26) ............ 9,47,157-159,174,182 
17: White Hall—D (locality 27) ........... 9,47,157-159,174,182 
18: White Hall—F (locality 29) ...... 9,47,133,157-159,175,182 
19: Otter Branch (locality 34) .................. 9,157-159,175,183 
20: Troy Roadcut (locality 40) ..... wen 9157=1595175,183 
DleiGrazwoldsRoadi(localitytA7)vtscs2sa-c0sseeneseert easeeteeks neesee eee 
Bees Naoto 9,56,58,72,79,95,97,111,136,149,157-159,176,184 
22: Columbia Roadcut (locality 48) .......... 9,157-159,176,183 
23: Dennis Hollow at Valmeyer (locality 49) .....................00055 


. 9,45,47,49,54,56,58,60,61,65,67,72,76,79,81,88,92,95,97, 
114,116,119,136,146,149,156-159,776,185 

mediocreforma, Banastella ................. D223 anc tns 7239373579: 
80,81,83,156,158,213,214 


MICAVEAKENSISWRENIESICl! Gamat tasters tencaana te eee een caa seater snes aee tee 
Meek and Worthen (1860) 

meekanus, Archimedes ........... 

Meepenv Sy 0Cline tent srven cateacse ages con caastet anc teaenasees tam eer eet aneres 
Mendon 1:62,500 quadrangle (1946) ...................00.0000e 173,174 
IMeTrameGIRIVELasry.ccg. oscoet er eeiee nas was Ostcane ee tee eae Sie ae aa 176 
Meramec: River ‘Bend! (locality 45). <....cs:..:¢.se-s0sse+s032 ous esse 9,176 
Meramecian.Groupiers.ccesscvepecee ts ear aceee sree erent aes ce terereeeee 11 
Meramecian Series 

Meredosia 1:62,500 quadrangle (1928) ..................2..seceeeeees 174 


Meremac [see Meramec] 
Meremec [see Meramec] 


meshwork formula of Condra and Elias (1944) ................. 

MevyeriandiMacurday (197i) scceaneaessasneees<csesete see ssseoens acces 

Michigan Ravens .ciccncars tees sercecs Se amcteer oneness 

micrometric formula of Miller (1961a) et seg. ............ 

Millers SA (US 89) \ 5 occtescceeskoos ace sesceoe ees sme eet ese 

Millersy ix Gry (19 Gila) etescc cease stecencs nesteites Soa eeetee tea oars eence 

Millers TeiGa (9 6llb) cx... ses.c.cseeceseansscucncs eats ease neers 

Millers, WsiGis! (962) jess te.scseeseeucueuescaseceewatoeadeee ares saeeene OUT, 

Minilya Crockford, 1944 ... 22-24,28,30,32,34,39-41,61,62,65,97 
GUDIAKIS\CrOGKfOrGs OAs a een anes ee eee ee 61,62 
POV QUISETIGLISS MSP cstves-o2tes<e-seeess ze W415. 2. 7,39;62,65;, 

66,67,156,158,205,206 

SiVOnelIG) NESDs <2ctsetescetcseee 13514; ci. 7,39,61,62,65,67,97, 


156,158,159,164,204,205 
minimum chamber width [MIW] 
ePIOCU ie sem teec en saa haen GMM ROSES ONGC R ITER COCO OSCE 
DLS EEL CO ec oe aetna Sak Soc ota ne eat ee 
Mirandifenestella Termier and Termier, 1971 ... 
Mirifenestella Morozova, 1974 ...........2.c0.00.008+ 
Mississippi ATH! ce astetuseaceectasumactoeter steno re ue stece tee een eee 


Mississippi) Riveiaece-sse-es see aeecotecee tes 8,9,12,15,16,18,49,173,176 
MississippiuRiviercArchiessesstecseestratenosaeteeeceese esate eee eee 10 
Mississippianistratotypeme-c:--sesscescesceeeee nace te meee ene eee 8,10 
MiISSOUTI tercace ot ccse sc cect ore emer ee eee cee 8,9,15,16,173 
CASTOIM 2.5 oceann evade et saevecsaceswors eoecesdeteveack oak see aeestoes Meae eran 12 
Howard | Coser. sr. sctvscsatsmesderes <cuceswannn neteecs te acc te eee eee 8,176 
[say Gran Bead tee Resse ocsee see ese near een eee Saino ee eee 130 
THe WiS COM ets 8 i2), eke ea eteee sol ceases sac OCR Oe See 174 
Mincoln! Cove ce. cceceeres eae eect enero tenet mae ene ee LSAi75 
IGISDONE : So. soer eter ccc ras govt ee tae TO Ee 176 
Merame edie. dosccecs gecdacnecoene scasacet or sus ete ever oe eee RE 137 
Ste'BranGisville ei .cscccece eee: seer ets ee 90,127 
StMIEOUIS weet ne 9,12,15,65,72,76,79,81,85,88,95,97, 111, 
116,136,138,141,176 
St..Louis'Go:, Barrett's:Station:.-.--.25-s.es0 83,111,113,138,146 
MET OY iors ew chore aoe eac ne as Secs ote este a Coe 16,175 
Wia vlan s. acttete sc coetesr onset sce rare cree ane eae ee 130 
MissouriiGeologicalsSurvey: cates. ccssese-seceene se saceeeeneee eeeeee eee 11 
Missouri Highway 
ATR pode eens caret did sf bee Sos te ae ee 175 
GU errors Sate oc case eae tot coats Sense SON MSE oe ee oe RS A 175 
MISS OUTIMRUV Er faettc cn sanec enter teecetecre nec freer ant eet aoa ceee eee 9,176 
MIW [minimum chamber width] 
(ELIA (127 lee EERE ORE A Ee a AP rE CS OR a 
illustrated 
Moll (1803) 
Monroe. City Syncline ye sectseecescc rosso scean ts ce ceee er cso eee eee 16 
M06 (1:933) Sctceleecrck tecess cose desea eeees eee eee 11 
Morozov (962) ier chs teeccieat ce aen state etna coe 17,19,22 
Nforozovan (iO, Oa) Doves os. cease cs oniescencis seco sc see dee neteeeeareeee 19,22,23 
MorozOVan(19 7 OD) oo ieee Sse cececxts cae tenner ae eee 19,20,22 
Morozovai(i97s)) 22 ccc sccccestcstuecconcueressceesse: eeescee se eee 19,22 


Morozova (1974) 8,18,19,22—25,27-30,32,39-41, 


49,50,61,62,67,68,72,90,124 


Moscow) Malls‘ (locality, 4)l)i@s.cuc.ccrsnsacencnwscteqees: seateeeeeeneeee 9,175 
Mount Sterling (locality 20; measured section 12) ....................... 
Bt Ren at te ROR ot ee ee 9,97,157-159,174,181 
Mount Sterling 1:62,500 quadrangle (1926) ....................6608 174 
Mirilliny(1'963)) Wer 8 2 tee oh cao tcndd ores act sesso ree eee eee eee 160 
multispinosa, 
PP ONOSLELIG® cw daa frag dee eee hacen sce Coe Sate vite fe a Te eS 47 
FeneStrellindihc.s <..0: 2 tae nce erases ane eee eae 47 
IRECHPECNESIEL Gest cassecte cna senceaesesees 4S es 39,41,44,45,47, 
49,156,158,195,196 
negligens, Archimedes ..........1..0..00e00000+ 50:51;52\97 ee 39,124, 
125-127,156,158,159,241-243 
Nekhoroshevi (1926) icencconsterees st cscs race. coe teen eee 18,41,47 
INekhanoshew (92 Sitio. oo isiceche cae ose ae ea ee eee 19,22 
INekhoroshevj((1932)) o2.s:c.<cnescscn aes cacaeee teste ater a eee 19,22 
INekhorosheviG@liS4 Gira aeccseanetecastenneuecestetactecen ete etcetera 19,22 
INekhorosbevi( 1953) Sicstessos coos eco ee cee ee 19,22 
INekhoroshevs (1956) ieee. chess te seeestennes ocee nee seee nates ate eeeeee 19,22 
INekhoroshevi@li960)) shee cceceencee eoeereees ae ees 22,61 
INekhoroshev, Vaults derscesctecss sats zcene nde ntavctte acnacvee cect eee tereeeee 19 
Nevada northeastern) -etcsscceseccnscctereras tree oer eee 39 
Nicholsontandieydekkeri(889)i ic. -..ccc.cesseseres sc aceceeeocenseeeeee ee 
NicklesiandsBassleri(lS00)iecascccsdcccteesccrstest: ocetenceecceceeeeteeene 22 
INtelsen CUS TO) ie ees eco ae teeters ee ee eo ene ee 161 
Nielsen and Pedersen (1979) ... tee Gi 
INikiforovaN(li9 27) eceeeee sce ceac eater ra poten eeteece te Ree eee 47 
INikiforoval(l9S8) iscceene ss ere ene eee ee eee 19,47 
Nikiforoval(liGSd)in eercccetosetiece cccesamec sneer eee 19 


MISSISSIPPIAN BRYOZOANS: SNYDER DAT 


ING KIfOTOW.aN (1938) eacec ac cet ee cece soe toes cet omcee Seer ee eee eae 19 
ING RifOno vase Ata ccsce ec sereasareeascnsceeca esis sues stsseseuvarneadee seseneeree 19 
INiotamle24:000iquadrangle (i964) cress. cse eres seceecseseecnene 172 
IN‘otaslllinois|Wocality:4)iessscescssessseeececete see oce ses esate ete ree 9,172 
TLODULLS AU LF OD OF Qierrsme an essa se seen oe cates eee van see eRe ee een 25 
number of aperture openings per fenestrule length [AF] 

LLLUSEV ALCL Ree Sor Re eR Nee tN ne, Sas nena et et oe eee Oe 35 

GEA cssccsaevasbe SEES So O SEED EEE SUE SER DERG SOU GER OSE EEBEDEE EA OGDCHECED AL F.B 
number of stylets surrounding aperture [SA] 

EPICA Re « secsewen sca feo, caseloads FeO ASS aE ood asun et se seeeeesct aes F.B 

RLIUS LVL ED ran snner eee oreoae ae meee CEOS RETR ere See 35 
INbwoOodrAnticlinGxsecessscetseces sorcccetencce coerce cocoa eee earns eens 15 
INyesDeanwandslinds}((19/72))ioeeescess cane cteenesen cee nee meeen serene 10 
OCUI GLA WET CIID digecc ate sca ccs soc eect eee oe aee ae oe eee 106 
(O)ETTO)" per pouepadsa Ane eRe aman ERC aR ACER UR RDee anne en cer Ren ac eerE ene 40 


OL [ovicell length] 


CLG LT ele oe naar Oa GaP CR Eee COREE eo E RET DEERE recs RPC SSeS FB 
LIL UStR ALE qaacctn cs cc evecaanve cect Aocees caeeceset teste restces ee teee sanees es 35 
GEO) ITRY (OUTED) sacs acne eee sea oieerare Sot roca enee ee Ree amanoccuceree ice 25 
GOrbieny (M84 8=1852)) cases. cnesco- eee sveeaeecesetanteesccevcestes 16,17,22 
Order 
(GheilostomatapBuskswli8S2ercs.c.cccccseescsore sorsonsecectee ess tases 16 
CryptostomatawWines W884 ce cocass..cs-scsessceaseasase 1651731539 
Gy clostomatag ee censseccecn es seoncce cscs tee ict ese necesSeesseeecesceectee 17 
(GY StOpOra takerresees cece sec tee oes eee eee enetes coaten ee ueeurcnijasea seasseene 17 
MrepostomataiWlriche US 82. eeweee csesecrees eee sterecsere scence 16,17 
Orthotetes keokuk (Weller, 1914) 12 
@sageantGrouplressers ee. css te vecn gatos iecseceuccsecheeeenscecaceraecees cee 11 


Osagean Series 
Osgood Fund 


OSPOOGERIIZC rsses ase cece rec rae rene cece eee eC a ee ee eae 
Otter Branch (locality 34; measured section 19) .......................... 
SEE RS CERNE E DORE RC prt C RECEE CCH Se Eee Pere meena 9,157-159,175,183 
Otter Greeks ere eran eras eee nee ease ees ace ieee ener eesce 175 
ter EreekaSynclinemere sestersceccceteescescee ree rector eae eee 15 
ovicell length [OL] 
CLGTAALAE ocss6eeS6 BESS Cpa EROOBOSEE SRO R OSE TE ROA AE CREEP LEH CAESAR Pe SREP ECE TORE FB 
LIST TOLICG). cee re eter tacomuee nh ence PECL EEOU EERE rpeceaaeaee eCr ERED 35 
ovicell width [OW] 
CUTLER ELS aS ar See oT A ORO Pe RP F.B 
LLLUS Ey CL CCLreen eae a oe tree eM RT St SE ERNIE eI 35 
OW [ovicell width] 
FOOT sy rhc Oe ao epee RE RESTA NESE ERCP CCAS EEE TELL COLE CREE EDEN FB 
HEDIS CTY TER Sees me eBe co BERT OCHREEE GOCAEEDGEEE EAUADEET EPA LEER RATORRC Derr Ce 35 
Owen (i838) ferccessc sare steecceenecace. 17,124 
Oweni(US42)i oe ossccnecese-ee 17,124 
Owen (S52) ees eesesse ee see 11 
OWENANDMECNESLEL Gime cere eae eee hence aon See one W257, 
owenanus, Archimedes ................ 5 2°53554:55,56 .....: 39,124, 
127,130,133,136,156,158,159,243-247 
@ZATKAD OMe eee eee eco da eee eee eee 10,15 
@OZAarka plittgeesen cee tee ore eee ac eee eee eh one 15 
DaAlASianae Cry ptosis] a pewesete. ceca sene set sees ee esate anes 
Palmolive@ lees crate otens oss teses coan ice seeesoee 
Parafenestella Miller, 1961b 
PATALTISCrIGIIS WMINILYG = iecesc-s2.<00s02.<o-+-20- 4515s 7,39,62, 


65,66,67,156,158,205,206 
Parsons and Le Brasseur (1970) 162 
[DALEN TOF IISPHLCIIbyy Pee sree teeteeee reece eee nee eens eee 108,110 


BaySOneANtIClInG ress eessee recat er recre ere eee tesa lS, 
Permofenestella Morozova, 1974 ............ccc0ecceeeeees Ware 23524225 
perstriata, Hemitrypa ................... 39,40,41 |... 39,106,108, 
109-111,113,156,158,230-232 
ehillipsi(836) kecscssces cesucee cme ce serie teecins ese nesta cecec eee Le? 
Phillips (1841) ... 15,17,23,27,29-31,33,36,39,40,103,106,108,119 
IPhiyvlloponauKan pralt8 4 9 awcceeaeesacescesseas cocce sete moe eneeee eee eee eee 17 
iasal Gree kare res tene cnn eeteas eee none ms deca nseaate sear aman cce nena ates 175 
PiasaiG@reeka(locality#38) Weccse se sseceses esc snse eee eee eee 9,175 
PittsheldkFAntichinebese seers cere see nee er eee ee 15 
plumosa, 
Fenestella 113 
Hemitrypa 113 
Poéta (1894) 7521525 
PolyfenestellajBancrofta VOR Ga" ce sesc tease cas cte.cc-cceeeeesen----20 2220 
POlyporaiMIGGoy. slBaa oro, sicescocccnsdese cemcecere nee ea ee none eter 
er inet aos eres tee 17,27,29-31,33,34,39,73,85,137,141,142,146 
DISCHIATARO TI GHA NS OO heesereee bee eee ote eee ee eee 73,83,151 
dendroidesiMCCoyiliS 44 ser.n-ss eres seeces reset eee eee eee 142 
Praciiis Prout, U860". 2.2... 2.255.257 oe += 65,66... 39,143,144, 
146,153,156,158,159,256,257 
CEFSTACIISURTOULY sea. erences cance ee eee oe 144 
halliana Prout, 1860 : 146 
MLACCOVANANW ITIGhe sl G9 OMesaes saseeesten este tenet eee eaee 146,153 
retrorsaiW riche a8 9 Oke ceresentscesces2aete sees" PAID A ® sere 39,144, 
154,156,158,159,262,263 
SimulatrixiW nich e890) seer tee ae 6970371" sae: 39,143, 
144,148, 751,152,153,156,158,260-262 
spininodata Ulrich, 1890 ........... 67,68,69 ...... 39,143,144, 
148, /49,151,156,158,258-260 
WATSOUVIENSIS PLOUt. sess, seeneccssesscae ee seen sateen ee eee 146 
VANSOUVIENSIS APIOUts case ace sesta tessecne kee se ceencucce sana steeere cee ee 146 
varsoviensis Prout, 1858a ........... 66,67 ...... 39,85,142,143, 
146,147,148,151,156,158,257,258 
ROLY POra (2) WOTACHISARTOUt Reena eee eeeee ses cees seaee-e-<teae ees peste 144 
Polyporella Simpson, 1895a 
(POLY POKINGSETEGTIKS gl92.eesene ees. osha teresa test esnceee ese eeceen 
Botterandebry ori Gh Gill) ees-coseseeecssnceenceccsece sete meseseeteeeere sate 
PRI [Paleontological Research Institution, Ithaca, NY] ........ 7,8 
Prouts(lisS Sayin ssecsete seers osesee eae eee 12,17,27,29-31,33,39,85, 
137,138,140-142,146-148,156,254,255,257,258 
Proute(liSs 8b) ere ctcrecs care aicac te decease te deccarert cesses seers 7 
Prouti(859))/eeesccerseceeeese ce 17,39,108,111,113,146,156,232-234 
Prouti(li8 60) Peccencerstacce seer eae eee 39,113,144,146,156,256,257 
ELOUt(IS G6) eesseee eee see ere eee 17,144 
proutana, Hemitrypa 111,113 
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SSO [spacing of stylets along obverse branch surface] 
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thickness of branch [TB] 
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Table 8a.—Continued. Table 8a.—Continued, 


Table 8a.—Continued. 


Table 8b.— Definitions and abbreviations of the 44 fenestellid and 
polyporid zooecial and zoarial characters measured in this study. 


O. rows of autozooecia 
1. number across normal branch surface 


Outline of Exterior Description 


6. Zoanal supports 


jal characters 
Zoannese (ciate fragile, zoaria frequently broken and small) ~ intermediate [moderate number of large zoaria present, resist breakage 


better than delicate forms) ~ robust (zoaria typically large, highly resistant to breakage]) 
uiward expansion (flat, obversely or reversely curved, undulating, cup-shaped, or spiralling from central axis) 
C en spacing (clase [WF < WB] ~ intermediate [WF = WB) ~ open [WF > WB)) 
D. astogenetic thickening of the zoarial skeleton (slight, moderate, or pronounced) 
BE mesh uniformity (regular or irregular) 


2. number and extent proximal to sites of branch bifurcation 


P. changes in branch thickness 


I. thickening proximal to bifurcation (slight, moderate, or pronounced) 
2. thinning distal to bifurcation (slight, moderate, or pronounced) 


Q. heterozooecia (if present) 


1. type (e.g., ovicells, parazooecia, cyclozooecia, caverns, or microzooecia) 


A. placement (on reverse surface or on zoarial edges) 
B. degree of development 


Outline of Interior Description 


- Branch 


A. shape in transverse-section (e.g. elliptical, ovate, circular, semicircular, rhombic, polygonal) 
B. direction of elongation (obyerse—reverse, or parallel to zoarial surface) 


Characters 6 and 19 are simple numbers; character 29, 41, and 42 
are measured in * all other characters are measured in mm. 
SaaEEESEEEEEESUREEIEnenmmmeemmmmmmeemeeseeessse 
Exterior characters; 


if 
5 


WB: branch width (not measured at branch bifurcation). 
DBC: distance between branch centers (not measured at branch 
bifurcation). 


4 culate est wor) 2. size and emplacement C. branch thickness (shallow [<0.30 mm] = medium (0.30-0.39 mm] — thick [>0.39 mm), regular [CV < 15} or variable [CV > 15}) 3. eee! width (measured parallel to branch growth 
.£., central axis, reticulate 2. Autozooecial living chambe: stole) VE 
F. secondary features (¢.g., cen 3. Dissepiments utozooecial ig chamber . é ‘ 
G, dimensions of secondary features i Geretin A. relative size (small [length <0.20 mm; depth <0.10 mm; maximum width <0.10 mm; minimum width <0.07 mm] — intermediate a LES length of fenestrule opening (measured proximodistally). 
H. probable size and shape of mature colonies 1. overall width (thin [<0.5 * WB] = intermediate {0.5-1.0 x WB) ~ wide [>1.0 x WB)) {length 0.20-0.48 mm; depth 0.10-0,20 mm; maximum width 0.10-0.15 mm; minimum width 0.07-0.12 mm] ~ large [length >0.48 5: es brite opening (measured perpendicular to 
> : C > - > length). 
2. Branch characters Q ah ay . 2. width relative to branch mm; depth >0.20 mm; maximum width >0.15 mm; minimum width >0.12 mm]) : z 
‘A. robustness ete inet te gal oeereeay and depth] ~ intermediate [moderate preservation, width and depth inter- 3. uniformity (constant [CV < 20] or variable [CV > 20}) B. emplacement at or near budding-site (monoserial, biserial [alternating or adjacent}, or polyserial (alternating or adjacent)) 6 pribeuintite adi iniibes cla length (mea- 
mediate) ~ robust [wide, thick, typical y 4 B. length C. axial wall trace (straight, sinuous [irregular], sinuous [extending toward and connecting with proximal and distal lateral chamber walls}, ee 
B. width eee ee ruacdine wove EIS Heche Ra LG Seen ane [Cv > 15) 1. overall length (short [WF < WB} ~ intermediate [WF = WB) — long [WF > WB) or net {extending diagonally across entire branch, lateral chamber walls short or absent)) and change in axial wall shape from reverse tf penal lee Gaines panna atch 
C. proximodistal trace (straight, si as 2. uniformity (constant [CV < 20) or variable [CV > 20}) to obverse chamber surface = S 
D. spacing (close [DBC < 2.0 x he) sd erections Feet solpel ae pre < 2.5 x WB)) C. emplacement (at regular or irregular intervals) D. orientation of autozooecial chamber elongation (elongate proximodistally parallel to reverse wall, parallel to proximal and distal lateral Fr ree pe bola pith: oe bpd tal 
E. distance between adjacent branch centers (regular i Bi D. shape (medially thinned, flaring at branch contact, or uniform, and degree of deformation, if any) chamber walls, or length and depth equal [i.¢., a cubic chamber)) iL. ABB: distance between aie ters bet < :h 
F. texture (smooth or granular, and effects of astogeny thereon) E. positioning relative to reference planes E, chamber outline near reverse wall (¢.g., triangular, rectangular, square, ovate, elliptical, circular, pentagonal, parallelogram-shaped, oy salts - Ld Bs centers between branches, 
G. surface profile (e.g. rounded [1], flat [~], or angular [A]) diamond-shaped) 12. DN: diameter of nodes along obverse branch surface. 
9 id 1. obverse surface (even, recessed, or highly recessed) iP 13) (DND: diameter oli iotanon Hire nanls 
H. keels (if present) : : 2. reverse surface (even, recessed, highly recessed) F. chamber outline in mid chamber (e.g., triangular, rectangular, square, ovate, elliptical, circular, pentagonal, parallelogram-shaped, wea . AE 
1. whether they are single or multiple, and the number across branch surface Mc rerall arioneneticlhicLentna (ewes andleneet) diamond-shaped) 14. SNB: distance between node centers along obverse branch sur- 
2. width (narrow [<0.05 mm] = intermediate (0.05-0.15 mm] + wide [>0.15 mm, or <0.5 = WB)) G. ornamentation G. chamber outline near obverse surface (¢.g., triangular, rectangular, square, ovate, elliptical, circular, pentagonal, parallelogram-shaped, 1s, ee idth of keel. 
b Sa F + width of keel 
4 degree of development ; 5 i 1, obverse surface (longitudinal striae (number and position] and stylets [size and position]) diamond-shaped), orientation of outline, and causes of irregularities in shape 16. DSO: diameter of stylets on obverse surface 
4. linear characteristics (continuous or intermittent, straight or anastomosing) 2. reverse surface (longitudinal striae [size and position] and stylets [size and position]) H. chamber shape uniformity (highly uniform, uniform, moderately uniform, moderately variable, vanable, or highly variable) 7, sso: ea ke bi b h 
5, position along branch (at branch midline or curving around apertures) By text I. location of aperture relative to chamber 17. : spacing of stylets along obverse ancl surface, 
6. effect on obverse surface profile b MoU J. vestibules (if present) 18. width of peristome (measured at distal end of aperture). 
1 Meee ras open 1. obverse (smooth or granular, and effects of astogeny thereon) : Ld ra 1 19. SA: number of stylets surrounding aperture. 
t of a =e ; 2 : : fT . SA: i 
a if aa y 2. reverse (smooth or granular, and effects of astogeny thereon) e ate a eve Aner Hie olomone i ae 20. SAD: diameter of small stylets surrounding aperture. 
1. nodes (if prese : ak I, emplacement relative to branch length (perpendicular or at a variable angle) 2. length (short [<0.06 mm) ~ intermediate (0. 2mm) itone'| atmima}) 21. RSL; di yl branch 
1. emplacement (monosenal or biserial) 3. variability of length (constant [CV < 15} or variable (CV > 15)) : liameter of macrostylets on reverse branch surface. 
eID! devel (poorly developed, intermediate, or well-developed) J, aperture emplacement relative to dissepiment-branch contact (position and symmetry) i y B TES) A foe 9) f - e f = 22. RSS: diameter of microstylets on reverse branch surface. 
2 degree o TER GS aa 10 aan ani teres, fon) alrentetrbles! K CHRO DERG (MIW : MAW, MAW: CD, CD: CL), and variability of dimensions (constant (CV < 10) or variable [CV > 10}) 23. spacing of macrostylets along reverse branch surface. 
: Bra eis -02 moe =n fitdeg aiseailon oniclongetl i HaTAEKG Of OBS A. relative size (small [length <0.4 mm; width <0.24 mm] ~ intermediate {length 0.4-0.9 mm; width 0.24-0.34 mm] ~ /arge [length ie Banos tt} Present) (degree off development, shape, and positioning of superior and inferior hemisepta) 24. SSS: spacing of microstylets along reverse branch surface. 
, shape (e.g, circular, ovate [includes direction of elongation}, stellate [number of lobes}) >0.9 mm; width >0.34 mm]) M. uniformity of (constant [CV < 10] or variable [CV > 10}) and mean chamber lateral-wall budding-angle 25> DRM ricilatelneshoee allel tordireeltonten 
$, uniformity of size and shape (regular [CV < 25) or variable [CV > 25)) Bestacel et elintical Vovatetrecianedlartoraquate) N. uniformity of (constant (CV < 10) or variable [CV > 10}) and mean chamber reverse-wall budding-angle Seer hears aca oaks ACU EC) gi 
. ion (on branch, on keel, and in a straight line or anastomosin, = oe z é 3 ~ , © ecia ci ° . lac ic 
‘ sae iS Pao nite cieens aan 1g) C. direction of elongation (proximodistal or perpendicular to branch growth) o helerezeceria te presen) (type Levies parazooecia, cyclozooecia, caverns, microzooecia], size, and emplacement) 26, WRM: re/lcilare meshwork sodeliy permendtautanlaaivection 
2 ) ee fetaia (0.25 mn] = tHleemediate [0125-0180 mm |= wide [>0.80 mm) and uniformity (even (CV <25) or uneven D. consistency of size (length, width) and shape (regular (CV < 20] or variable [CV > 20)) green eon of three-dimensional shape Si braneh erent 
4 ev >a) 4 5 > y 2S . E. variation in shape and size of fenestrules on obverse and reverse surfaces of zoarium a etal attest 27. WSC: spacing of whorls along central axis (spire). 
9, effects of astogeny F. mean WF: WB; differences between obverse and reverse surface noted ea it ait ness (thi t diat thick), and de of development 28. DCA: maximum diameter of central axis. 
J mig G. changes in shape and size toward proximal end of zoarium, and effects of astogeny 5 ~ u axe ee X( an, een a EAON 2 Pisa jens oe OF ats lsivi d ra d feat fd 29. ACA: angle between distal end of axis and axial whorl. 
5 ie eTe0.Ollram| = intermediate fo.01Oloe manay/— large (= 0.02 ni) H. WE: LF (and range if highly variable) and uniformity of this ratio (regular [CV < 20} or variable (CV > 20)) 2. continuity with nodes, stylets, longitudinal striae, keels, peristomes, and apertural stylets, and ornamentation and features of dis- 30. OL: ovicell length (measured proximodistally), 
2 uniformity raised position (regular (cv < 20) or IeRUIE ICV at 20)) 1, number of apertures per fenestrule length (range and mode) 4 ate ekneas of reverse anda eral walle 31. OW: ovicell width (measured perpendicular to ovicell length). 
" re : alativervs : 2 . 5; ) 7 ii c ) ; 
3, location across branch surface ; i; ae AAB, ADB: ABB, and ADB: ABB and relative variability of these ratios (constant (CV < 10) or variable [CV > 10}) eae raerietie tects ACE ERY 
4. effects of astogeny PED ure 


= J id - er i \ - B. lamellar layer 32. TRW: thickness of reverse-wall granular layer. 
K. texture (smooth or granular, and effects of astogeny) A. ative Size eed Le ae mm, width <0.07 mm] = intermediate [length 0.09-0.15 mm; width 0.07-0.12 mm] = /arge [length I. relative thickness (thin, intermediate, or thick) and degree of development 33. TLW: thickness of chamber lateral-wall granular layer. 
L. longitudinal striae Bl akace a Lz) 2. astogenetic effects 34. FWT: thickness of front-wall (obverse-wall) laminated layer. 
1 number (few, intermediate, or numerous) 1 jareulae 35. RWT: thickness of reverse-wall laminated layer. 
: effects a peice) 2. ovate kdireenon of elongation, distal enlargement, and AL ; AW as applicable) 36, pre rsunnthcnire edi ecatic dimension mea- 
M, microstylets 3. elliptical (direction oftclongation, distal enlargement, and AL: AW as applicable) 37. CD: autozooecial chamber depth (measured from obverse to 
1, relative size (smal! [<0.018 mm} ~ intermediate {0.018-0.026 mm} ~ large {>0.026 mm}) Be eee eee once thes TO or panied ley ZUG) ravierde aurTROS, PerpencieUl Cha naa 
Ys and spacing across branch surface S Ree eave of aperture to plane of obverse surface (parallel, inclined into fenestrule, or perpendicular) 38. MAW: maximum chamber width (measured across the branch). 
i Bis, 20) or variable (CV > 20}) 1. relative width (thin [<0.025 mm] = intermediate [0.025-0.050 mm] ~ wide [>0.050 mm}) ry OO MIN eee mene pata et 
N macrostylets 2. degree of development (poorly developed, intermediate, or well-developed) 41. RA: chamber reverse-wall budding-angle (an acute angle). 
i relative size (small [<0.05 mm] ~ intermediate [0.05-0.08 mm] ~ large [>0.08 mm)) 3. complete or incomplete (if incomplete, location of peristomal gap) 42. LA: chamber lateral-wall budding-angle (angle between ap- 
2 shape (eg, circular, ovate, or irregular) 4. stylet development in peristomal gap, and association of stylets with peristome erture opening and plane defined by center of branch surface, 
3. uniformity of size and shape (regular [CV < 25} or variable [CV > 25}) E. stylets Surrounding aperture (e.g., number, size [small + intermediate ~ large), constant or variable) In species with more than two rows of zooecia, use LA-I for 
4, location on branch surface F. projection into fenestrule and degree of inflection in fenestrule adaxial zooecia and LA-2 for abaxial zooccia). 
'S. spacing (regular or variable) G. terminal diaphragm (of uniform thickness or centrally thickened, and area of occurrence) 43. TB: thickness of branch (measured in obverse-reverse direc- 
6 effects of astogeny ' Caution: if WE: WB is large for colonies with extremely small WB, the following distinctions may not apply tion). 
44. WOT: maximum width of ovicell in mid tangential view. 
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FRUITS AND SEEDS OF THE MIDDLE EOCENE NUT BEDS FLORA, 
CLARNO FORMATION, OREGON 


STEVEN R. MANCHESTER 


Florida Museum of Natural History 
University of Florida 
Gainesville, FL 32611 


ABSTRACT 


Permineralized fruits and seeds from the Nut Beds flora of the Clarno Formation, north-central Oregon, are described and 
illustrated, providing the first comprehensive treatment of a North American fossil fruit and seed assemblage and facilitating 
comparison with European Tertiary fruit and seed assemblages. Newly obtained radiometric dates, along with vertebrate cor- 
relations, indicate a Middle Eocene age of about 44 million years for the assemblage. Based upon examination of approximately 
20,000 specimens, 145 genera and 173 species are recognized, providing much new data for systematic, evolutionary, biogeo- 
graphic and paleoecologic interpretation. Seventy-five genera and 102 species have been identified to 35 living families; 70 genera 
and 71 species represent form genera of unknown familial affinity and may belong both to extinct genera and to extant genera 
whose affinities may come to light with future work. 

Among the 102 species attributed to extant families, 58% belong to extant genera, 30% are extinct genera, and 22% are 
stereotype genera (identical in the characters preserved to more than one modern genus). Trees and lianas are well represented, 
nearly to the exclusion of herbs. The only herbaceous angiosperm identified is Ensete (Musaceae). The proportion of the identified 
taxa that represent lianas or climbers is high (43% of the 69 species for which growth form may be inferred) including 14 species 
of Menispermaceae, seven of Icacinaceae and six of Vitaceae. The disseminules range in size from about 0.5 mm to 85 mm; 
about 15 are winged and suitable for wind-dispersal, but most are medium to large in size and represent drupes and berries 
adaptive for biotic dispersal. 

Among the extant genera determined, some are exclusively temperate in distribution today (e.g., Taxus, Emmenopterys, 
Parthenocissus), while others are exclusively paratropical to tropical (e.g., Ensete, Mastixia, lodes, Ampelocissus, and, among 
the vertebrate fossils, a crocodilian). Many of the genera are distributed today in both temperate and tropical areas. Despite the 
occurrence of many taxa that are temperate today, the presence of Musaceae, Palmae and other taxa that typically are frost- 
intolerant today, combined with the high diversity of lianas, is taken as an indication that the climate was comparable to that 
which supports paratropical rainforest vegetation today. The flora shares 24% of its genera with the Early to Middle Eocene flora 
of western Europe, indicating that one or more land connections were viable during or prior to the Middle Eocene. Among extant 
genera represented in the Nut Beds assemblage, the greatest similarity is with the extant flora of eastern Asia. The identified 
families are, among the conifers: Taxaceae (3 genera), Pinaceae; among the angiosperms: Actinidiaceae, Alangiaceae, Anacar- 
diaceae (2 genera), Annonaceae, Araliaceae, Betulaceae (2 genera), Cornaceae (6 genera), Fagaceae (2 genera), Flacourtiaceae, 
Hamamelidaceae, Hydrangeaceae, Icacinaceae, Juglandaceae (4 genera), Lauraceae (3 or more genera), Leguminosae, Lythraceae, 
Magnoliaceae, Menispermaceae, (13 genera), Musaceae, Palmae, Platanaceae (3 genera), Rosaceae, Rubiaceae, Sabiaceae (2 
genera), Sapindaceae (2 genera), Sapotaceae, Schisandraceae, Staphyleaceae, Symplocaceae, Theaceae, Ulmaceae (4 genera), and 
Vitaceae (4 genera). 
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Text-figure 1.—Thomas J. Bones, photographed in 1977 at an 
excavation on the top of Face 3. Mr. Bones collected here for about 
40 years, and provided the massive collections upon which much 
of this monograph 1s based. 
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INTRODUCTION 


A diverse assemblage of well-preserved Middle Eo- 
cene plant remains occurs in the type area of the Clarno 
Formation about 3 km east of the community of Clar- 
no, north-central Oregon, in a locality known as the 
Nut Beds. The site yields abundant fossil woods (Scott 
and Wheeler, 1982), leaves (Manchester, 1981), and 
exquisitely preserved fruits and seeds (Scott, 1954; 
Bones, 1979). Because fossil fruit and seed floras are 
relatively rare in North America, the Clarno Nut Beds 
flora provides an important link for paleobotanical 
comparisons with the Tertiary of Europe, where fruit 
and seed assemblages are abundant and relatively well 
studied. The Clarno flora often has been cited in phy- 
togeographic discussions because taxonomic similarity 
with European fruit and seed floras provides evidence 
of broad floral continuity between Europe and North 
America during the Eocene (Scott, 1954; Chandler, 
1964; Wolfe, 1972, 1975; Tiffney, 1985a, 1985b; Col- 
linson, 1988: Manchester, 1988). Only a small portion 
of the Clarno flora has been described, however, and 
the actual extent of generic and specific similarity be- 
tween the Eocene floras of North America and Europe 
has not been well documented. 

The paleobotanical and phytogeographic signifi- 
cance of the Clarno flora was first shown by Scott (1954) 
in a monograph detailing the morphology and rela- 
tionships of ten species from the Nut Beds locality. 
Scott’s work demonstrated the presence of genera with 
Old World tropical affinities in the Eocene of western 
North America, and documented several genera in 
common with the Eocene London Clay flora of En- 
gland. He also called attention to the presence of both 
extant and extinct genera, a finding somewhat at odds 
with Tertiary leaf studies of the time. Subsequently, 


CLARNO (EOCENE) FRUITS AND SEEDS: MANCHESTER 9 


an expanded taxonomic list of Clarno fruits and seeds 
was published (Scott, in Chandler, 1964, p. 58) in- 
cluding 32 additional genera from the locality. Until 
now, these additional taxa have not been formally de- 
scribed. Bones (1979) published an atlas depicting some 
of the diversity present in the Nut Beds fruit and seed 
assemblage, including a variety of new but undescribed 
species. Several additional fruit and seed taxa from the 
Nut Beds have been treated in separate accounts (Man- 
chester, 1986, 1987a, 1987b, 1988, 1989a; Manchester 
and Kress, 1993), but a comprehensive treatment of 
the flora has not been attempted previously. The Nut 
Beds fossils represent one of the warmest climatic in- 
tervals in the Tertiary of North America, a time when 
thermophilic vegetation was spread well into the north- 
ern latitudes (Wolfe and Poore, 1982; Wolfe, 1985). 

Because of the excellent details of morphology and 
anatomy preserved in silicified fruits and seeds from 
the Nut Beds flora, specimens from this assemblage 
provide the rare opportunity to investigate the internal 
structure of Eocene plant reproductive organs. Such 
specimens enable a well-informed assessment of tax- 
onomic affinities, and make it possible to test whether 
affinities inferred from external morphology are upheld 
by internal anatomy. The Nut Beds specimens thus 
provide insight into the structure and affinities of var- 
ious extinct and extant genera of fruits and seeds that 
are known only from molds or impressions at other 
fossil localities. 

This monograph is an attempt to provide a thorough 
taxonomic treatment of all known fruit and seed spe- 
cies from the Nut Beds flora, including taxa of unde- 
termined familial affinity as well as those which can 
be identified confidently to modern families and gen- 
era. The resulting data base: |) provides new systematic 
data on plants present during the Middle Eocene in 
western North America; 2) contributes information on 
the evolutionary status of various gymnosperm and 
angiosperm taxa in the Middle Eocene of the northern 
hemisphere; 3) provides insight into the environment 
and climate under which the Nut Beds vertebrate fauna 
existed; 4) enables comparison with other Eocene fossil 
floras of the northern hemisphere and to modern flo- 
ristic regions to gain some understanding of timing and 
routes of phytogeographic exchange. 


GEOGRAPHIC AND GEOLOGIC SETTING 


The Clarno Formation is a terrestrial sequence of 
andesitic to basaltic lavas and intrusives, ash flows, 
volcanic mudflows, and tuffaceous sediments exposed 
along the Blue Mountain Anticline in north-central 
Oregon. The distribution, stratigraphy, age, structure, 
composition and source vents of the formation are 
reviewed by Walker and Robinson (1990). Petrologic 


and trace element studies suggest that the volcanism 
may have been in response to subduction zone mag- 
matism (Rogers and Novistsky-Evans, 1977; Noblett, 
1981). The formation is well known for its paleonto- 
logic importance and is the focus of the Clarno Unit 
of John Day Fossil Beds National Monument. Leaf 
impressions and silicified wood occur in tuffaceous 
strata in many areas of the Clarno Formation (Hergert, 
1961; Manchester, 1986, 1991). Fruits and seeds, which 
occasionally occur in the same strata as leaves, are 
usually preserved as impressions or compressions. 
However, the Nut Beds locality is unusual because it 
provides uncompressed, three-dimensionally pre- 
served, permineralized, fruits and seeds. 

The Nut Beds locality (UF loc. 225) is situated in 
the type area of the Clarno Formation, at 44°56'36” N 
lat., 120°25'34” W long. (SW 4, SE 4, sec. 27, T 7 S, 
R 19 E), Wheeler County, Oregon (Text-fig. 2). It is a 
resistant, buff-colored, cliff-forming unit about 10 me- 
ters thick, exposed over an area of about one hectare 
along the western side of Hancock Canyon (Text-fig. 
3). The term “nut beds” was first applied by amateur 
fossil collectors in the 1940’s because of the abundance 
of petrified walnuts and other fruits and seeds found 
there. Fossil plants occur throughout the vertical and 
horizontal extent of the exposure. The same locality is 
also significant for its vertebrate fauna, which consti- 
tutes the only known Middle Eocene terrestrial mam- 
malian fauna in the Pacific Northwest (Stirton, 1944; 
Hanson, 1973, p. 56 in Retallack, 1991). 

The complex geology of the local area surrounding 
the Middle Eocene Nut Beds locality, and stratigraphic 
relations with the Late Eocene/Early Oligocene Han- 
cock Quarry vertebrate locality 1 km to the north (Text- 
fig. 3), are currently under investigation (C. B. Hanson, 
pers. comm.; G. Retallack, pers. comm.). Hanson (pers. 
comm., 1992) distinguishes five unconformity-bound- 
ed units in the type area of the Clarno Formation. The 
Nut Beds deposit occurs low in the section, within the 
second unit, and predates an adjacent andesitic plug! 
which was a source for clasts found in subsequently 
deposited sediments of the Clarno Formation in its 
type area. The Hancock Quarry fauna (Mellet, 1969; 
Hanson, 1973, 1991) and flora (McKee, 1970) locality 
is situated in Hanson’s uppermost unit, an upper Clar- 
no valley-fill deposit containing clasts from the an- 
desitic plug. Retallack (pers. comm., 1993), however, 
reports finding clasts of the andesitic plug! in the Nut 
Beds sediment and considers the Nut Beds to correlate 
with the upper part of a sequence of lahars and tuffs 
exposed | to 2 km north and east in Hancock Canyon. 

The Nut Beds deposit is composed of tuffaceous silt- 


' New information available; see Notes added in proof, p. 200. 
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Text-figure 2.—Geologic map and index map (inset) of the John Day and Crooked River Basins, north-central Oregon, showing location 
of the Nut Beds (arrow) and other paleobotanical localities of the Clarno Formation. Localities: 1. Nut Beds, 2. Hancock Quarry, 3. Dry 
Hollow, 4. Left Hand Canyon, 5. Horseheaven, 6. White Cliffs, 7. Indian Rocks (classic Cherry Creek site), 8. Red Gap, 9. John Day Gulch, 
10. Ochocco Summit, 11. Doolittle Flat, 12. Alex Canyon, 13. Classic West Branch Creek locality, 14. Brummers Spring, 15. Sheep Rock 
Creek (Teater Road site). Geologic map adapted from Walker (1977). 
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Text-figure 3.—Oblique, northward, aerial view overlooking the Middle Eocene Nut Beds locality, with exposure faces labeled | to 5. The 
dark unvegetated strata overlying the Nut Beds are a sequence of paleosols locally called Red Hill (RH) that is capped by the basal ignimbrite 
of the John Day Formation. Other localities in the distance include the Upper Eocene Hancock Quarry (HQ) in the upper part of the Clarno 
Formation and the Oligocene Dugout Gulch leaf locality (DG) in the lower part of the John Day Formation. Iron Mountain, capped by 


Miocene Columbia River Basalts, forms the horizon. 


stones, sandstones and conglomerates thoroughly ce- 
mented by silica and calcium carbonate. The strati- 
graphic column at the Nut Beds is about ten meters 
thick, consisting of a lower half with alternating beds 
of siltstone and sandstone mostly 0.1—0.6 m in thick- 
ness, and an upper half with thicker beds of alternating 
siltstone, sandstone and andesitic conglomerate (Text- 
fig. 4). Clasts of the conglomerate are subangular to 
rounded, generally less than 4 cm in diameter, and are 
matrix-supported. Permineralized wood, fruits and 
seeds occur throughout the vertical section, in siltstone, 
sandstone and conglomerate layers, with the greatest 
concentrations being in the uppermost strata. The ver- 
tebrate fossils are confined to the middle and upper 
strata, often in conglomerate, and are usually preserved 
as disarticulated bones. Impressions of leaves occur at 
various levels within the deposit, but are most abun- 
dant and well-preserved in siltstones near the base of 
the section (Manchester, 1981). 


Abundant Equisetum stems and occasional fern rhi- 
zomes are found in growth position in some of the 
siltstone layers. In some parts of the deposit Equisetum 
stems may be traced vertically through 0.7 m of sed- 
iment (Retallack, 1981), indicating relatively rapid 
sediment accumulation (Scott, 1954) and shallow-wa- 
ter conditions. Predepositional abrasion is evident in 
some of the fossils (particularly fossil woods in the 
upper part of the section) and suggests that the assem- 
blage includes transported as well as locally derived 
plant debris. Although well-preserved silicified wood 
is Common, most pieces are small, predepositionally 
worn fragments; no standing stumps were confirmed. 

The Nut Beds deposit is dissected by slumps and 
erosion into five outcrop faces, which, for reference, 
have been designated from south to north as Faces |- 
5 (Text-fig. 3). Most of the vertebrate remains were 
recovered from the middle and upper portions of Faces 
1 and 3. The fossil fruits and seeds described by Scott 
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Text-figure 4.— Profile view of the stratigraphic section at Face 3, 
showing alternation of beds (siltstone and sandstone/conglomerate). 
The lowest exposed layers contain leaves as well as some of the 
fruits. The most productive horizon for silicified wood and fruits 
was found to be in the massive upper layers. 


(1954) and the Hyrachyus tooth described by Stirton 
(1944) were obtained from two beds situated in the 
gully between Faces 2 and 3. Thomas Bones collected 
fruits and seeds throughout the deposit, but found the 
richest horizons in excavations at the top of Face 3 
(Text-fig. 1). Beds forming the uppermost meter of 
section on Face 3 contain an abundance of palm pet- 
iolar debris, abraded wood fragments, and small 
rounded fossiliferous chert clasts. The chert clasts, 
mostly 0.5—1.2 cm in diameter, may represent frag- 
ments of peat that were ripped up and carried along 
with the other clasts, or could alternatively represent 
small coprolites (C. B. Hanson, pers. comm.). Leaf 
remains in this upper horizon are usually folded or 
rolled, not flat-lying, and apparently were deposited 
during turbulent, rather than quiet-water conditions. 
The sedimentary environment represented by the 
Nut Beds deposit has been interpreted as that of a lake 
delta deposit (Scott, 1954; C. B. Hanson, pers. comm.). 
This interpretation would account for the large amount 
of jumbled biotic debris, and the general thinning of 
the beds toward the northeast (C. B. Hanson, pers. 
comm.). However, typical lacustrine sediments, with 
fissile shales containing fish remains, as observed at 
other Clarno paleobotanical localities (e.g.. West Branch 
Creek, White Cliffs; Manchester, 1990), are not present 
at the Nut Beds. The lower portion of the section, with 


alternating siltstones and sandstones, might represent 
periodic flood deposition, whereas some of the thick, 
poorly sorted upper layers evidently represent a rapidly 
deposited slurry, possibly from the toe of a volcanic 
mudflow. Local hot springs may have been present, 
contributing toward rapid mineralization of biotic de- 
bris. 


AGE 


The value of the Nut Beds flora for biostratigraphic 
and paleobiogeographic correlations is enhanced by an 
accurate determination of its age. In previous paleo- 
botanical assessments, age interpretations for the Clar- 
no Nut Beds have ranged from “older than Upper 
Eocene” (Scott, 1954) to Early Oligocene (Wolfe, 1971, 
1981). Although Wolfe (1981) attributed the Nut Beds 
(“late Clarno”’) flora to his Kummerian floral stage, of 
inferred Late Eocene/Early Oligocene age, his zonation 
is based on leaf species from a type section in the Puget 
Group of northwestern Washington (Wolfe, 1968). It 
is impossible to determine which of the Clarno fruit 
and seed species might correspond to the leaf species 
that Wolfe used to characterize his stages, and prelim- 
inary investigations of the Nut Beds leaf assemblage 
(Manchester, 1981) indicate that the flora is no more 
similar taxonomically to the Kummerian stage than to 
the older Franklinian and Ravenian stages. In any case, 
to eliminate potential for circularity, the age of the Nut 
Beds flora is best determined by means independent 
of paleobotanical correlation. 

Radiometric dates reported for various parts of the 
Clarno Formation range from about 54 to 34 million 
years (Fiebelkorn et al., 1983), although the younger 
dates are questionable because the basal ignimbrite of 
the overlying John Day Formation has been dated at 
about 37 (Swanson and Robinson, 1968: Fiebelkorn 
etal., 1983; Vance, 1988) to 39.7 (Bestland et al., 1993) 
million years. The Clarno Formation represents a com- 
plex volcanic terrain characterized by abrupt lateral 
and vertical variation complicated by erosion, faulting 
and slumping. Therefore, it is difficult to trace indi- 
vidual units beyond local areas, and, as a result, the 
stratigraphic position of the Nut Beds in relation to 
other datable units of the Clarno Formation is not 
immediately obvious. Fortunately, the Nut Beds de- 
posit itself contains a vertebrate fauna that can be cor- 
related with North American land mammal stages, as 
well as volcanic clasts suitable for radiometric dating. 

Stirton (1944) described a tooth of Hyrachyus from 
the Nut Beds, and on this basis clearly established an 
Eocene age for the locality. More complete cranial 
specimens of Hyrachyus, along with remains of five 
other mammalian vertebrates, including Orohippus, 
Patriofelis and Telmatherium, have been investigated 
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by Hanson (1973) and clearly represent a Bridgerian 
fauna (Hanson, pers. comm., 1988). This fauna occurs 
within the Nut Beds along with the fruits and seeds, 
and should not be confused (cf., Wolfe, 1981, p. 44) 
with the younger Clarno fauna from Hancock Quarry, 
1 km northeast of the Nut Beds, that 1s of Chadronian 
or Duchesnian age (Mellet, 1969; Hanson, 1973, pers. 
comm., 1988). By correlation with radiometrically 
dated faunas of the Rocky Mountain region, the Bridg- 
erian vertebrate fauna of the Nut Beds indicates a Mid- 
dle Eocene age of about 45 m.y. 

Although a potassium-argon date of 34 million years 
was published for the Nut Beds (Evernden et al., 1964), 
such a young age (Late Eocene or Early Oligocene) is 
very doubtful because the basal ignimbrite of the over- 
lying John Day Formation (situated about 30 meters 
stratigraphically above the Nut Beds) yields radio- 
metric dates of about 37 (potassium-argon, Swanson 
and Robinson, 1968; fission track, Vance, 1988) to 
39.7 (argon-argon, Bestland et al., 1993) million years. 
More recently, Vance (1988) obtained fission track dates 
of 43.6 and 43.7 (+ 10%) m.y. based upon zircon 
extracted from Nut Beds sediment. In 1987, C. B. Han- 
son, B. D. Turrin and I collected a sample of water- 
reworked tuff with intact pumice clasts from a plant 
and bone-bearing stratum at the middle stratigraphic 
level of Face | in the Nut Beds. Ten plagioclase crystals 
isolated from this sample were analyzed by the single 
crystal laser fusion argon 40/39 technique and yielded 
dates ranging from 36.38 + 1.31 to 46.8 + 3.36 m.y. 
(B. D. Turrin, pers. comm., 1988). Statistically, these 
dates give an arithmetic mean of 42.98 + 3.48 witha 
standard error of the mean, + 1.10, and a weighted 
average of 43.76 + 0.29 m.y., strikingly close to the 
fission track results of Vance (1988). Based upon the 
recently obtained radiometric ages and the vertebrate 
correlations, the age of the Nut Beds flora may be 
considered to be Middle Eocene, within the range of 
43 to 45 million years old. 


OTHER CLARNO FLORAS 


Although this report is intended to be as compre- 
hensive as possible for the fruit and seed assemblage 
of the Nut Beds locality, it should not be regarded as 
an exhaustive treatment of the Clarno flora. The Clar- 
no Formation occurs over an area of about 4000 km? 
(Walker and Robinson, 1990) and includes many fossil 
plant localities (Text-fig. 2). The location and general 
character of some of these localities are reviewed by 
Hergert (1961) and Manchester (1990). Geographic co- 
ordinates for localities from which large collections 
have been made have been published previously (Man- 
chester, 1986, p. 224; 1991, p. 717). Some of these 
sites, particularly the lacustrine deposits in the West 


Branch Creek and Cherry Creek drainages, include 
many species of leaves and compressed fruits that are 
not known from the Nut Beds. I have made reference 
to these other localities where appropriate in discussing 
the distribution of individual species. 

Another occurrence of fossil fruits and seeds in the 
Clarno Formation is the Late Eocene (Duchesnean) 
Hancock Quarry vertebrate locality, situated 1 km 
northeast of the Nut Beds. This locality (UF 70) has 
provided abundant fruit and seed remains preserved 
as partially compressed carbonaceous casts and molds 
in claystone (McKee, 1970). Although anatomical de- 
tails are not preserved, external morphology enables 
identification through comparison with the better pre- 
served Nut Beds specimens. More than 500 specimens 
were collected from this site (collections at OMSI and 
UF) and is possible to distinguish about 30 taxa. Sev- 
eral genera are shared with the Nut Beds, including 
Ampelocissus, Diploclisia, Juglans, Odontocaryoidea, 
Palaeophytocrene, and Vitis. In addition to the genera 
recognized by McKee, I have observed specimens of 
Alangium, Eohypserpa, Iodes, Iodicarpa, Mastixioi- 
diocarpum and Pentoperculum in the Hancock Quarry 
assemblage. Thus, it is clear that some of the Nut Beds 
genera persisted in the same region at least until the 
Late Eocene. There are, however, marked floristic dif- 
ferences between both of these assemblages and the 
Lower Oligocene Bridge Creek flora of the overlying 
John Day Formation (Chaney, 1927; Manchester and 
Meyer, 1987; Manchester, 1990). 

The Brummers Spring locality (UF 254), also in the 
Clarno Formation, 1s located about 90 km south of the 
Nut Beds locality and 20 km east of Post, Oregon 
(Text-fig. 2). This locality has produced a small assem- 
blage of silicified fruits and seeds including Jug/ans, 
Magnolia, Mastixicarpum, Quercus, and Sabal. 


MODES OF PRESERVATION 


Fossil fruits and seeds in the Nut Beds are preserved 
in various modes, ranging from compressions and im- 
pressions to molds and casts, to permineralizations. 
These different types of preservation, as applied to 
fossil plant tissues, are reviewed by Scott and Collinson 
(1983, p. 118). Compressed fruits and seeds, preserved 
along with leaf impressions near the base of the section 
(Manchester, 1981), usually lack internal structural de- 
tails, but are useful in providing characters of wing 
morphology and venation. Three-dimensionally pre- 
served specimens, including casts, molds and permi- 
neralizations, occur throughout the deposit. 

Casts and molds lacking internal anatomy are com- 
mon (Scott, 1954), but sometimes the internal tissues 
are preserved through permineralization by chalced- 
ony and/or calcite. A single specimen may include more 
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than one mode of preservation; for example, a cast of 
the locule may occur within the carbonized or per- 
mineralized remains of an endocarp. Permineralized 
seed remains are sometimes encountered within the 
locule cast. 

Silicification appears to have been primary, and cal- 
cification secondary, as in the case of walnuts that are 
sometimes preserved with the locule filled by chalced- 
ony and the nutshell infiltrated by calcite. The quality 
of preservation in permineralized specimens is vari- 
able, depending on porosity and durability of the tis- 
sues involved. Fleshy or pulpy outer fruit layers are 
rarely if ever preserved. Woody layers tend to be well- 
preserved, sometimes with excellent cellular detail. 
However, thin, hard, evidently impermeable layers 
typically are represented only as an airspace between 
the chalcedony internal mold and the siltstone outer 
mold of the structure, as in the case of seeds of An- 
nonaspermum, Fortunearites, and Bumelia. 


MATERIALS AND METHODS 


Approximately 20,000 specimens were examined for 
this study. The majority of specimens were collected 
between 1942 and 1983 through the extraordinary ef- 
forts of Thomas J. Bones. Additional specimens were 
collected in the 1940’s and 50’s by A. W. Hancock, R. 
A. Scott, and, during the summers of 1974-1989, by 
S. R. Manchester with the help of many high school 
students (acknowledged p. 7) in conjunction with pa- 
leobotanical programs at Hancock Field Station, a nat- 
ural science facility operated by the Oregon Museum 
of Science and Industry 1.5 km southeast of the Nut 
Beds. 

The fossil disseminules range from less than 1 mm 
to 85 mm in length. Because the sediment is silica- 
cemented, standard washing and sieving techniques 
(Tiffmey, 1990) are not effective in recovering speci- 
mens. Instead, the fossils are obtained through a labor- 
intensive process of prying out blocks of sediment and 
breaking the rock with hammers. Fruits and seeds are 
exposed in the matrix when intercepted by the resulting 
fracture planes. The percussion frequently causes the 
fruit or seed to pop out of the matrix. Sometimes outer 
layers of the fossil remain attached to the matrix mold. 
It is thus important to retain the associated mold for 
study as well as the more attractive cast. Thomas Bones 
collected large numbers of small seeds by crushing the 
matrix and sorting with the aid of a magnifying lens. 

Because the type and quality of preservation varies 
greatly, even among specimens of the same species, it 
was necessary to sort the specimens under a dissecting 
microscope to recover the most informative samples 
for describing each species. Silica casts and molds re- 


placing various tissues of the fruit or seed were useful 
for morphology and dimensions. Permineralized spec- 
imens were most valuable in providing the best details 
of internal morphology and anatomy. Permineraliza- 
tions were not available for all species, but in many 
instances a careful examination of numerous speci- 
mens resulted in the recovery of at least a few per- 
mineralized examples that could be fractured or sawn 
to reveal internal morphology and anatomy. Com- 
pression and impression specimens were also found to 
be useful because they enable direct comparison with 
specimens from other Clarno localities where permi- 
neralizations are not available, and because they pro- 
vide details of wing morphology and venation for sam- 
aras that usually are not evident in the permineralized 
specimens. 

Morphology and anatomy was recorded photograph- 
ically with Kodak Technical Pan 2415 film processed 
for medium contrast. Lighting for reflected light pho- 
tography was provided from the upper left and lower 
right side of each specimen with a pair of small, diffuse 
tungsten lamps that could be oriented at various angles 
to provide optimal illumination of surface detail. Spec- 
imens of medium to large size (>8 mm diam.) were 
photographed with a Nikon FE camera with 100 mm 
Micronikkor lens. Macrography of smaller specimens 
(O.5-8 mm) was conducted with the FE camera mount- 
ed on a Nikon SMZ10 zoom stereo scope. Stereo-pair 
photographs were prepared of specimens which were 
subsequently fractured or serially sectioned. For ste- 
reO-pairs, successive pictures were taken with the spec- 
imen rotated 6 degrees on a teetering stand, or by using 
the stereo-photo option on the Nikon SMZ10 macro- 
scope. The translucency and differential coloration of 
silicified specimens initially presented problems, ob- 
scuring surface details in photography. These problems 
were overcome by coating the specimens with palla- 
dium using a sputter coater prior to light micrography. 
The palladium was subsequently removed by soaking 
for 30 minutes in a saturated solution of sodium cy- 
anide in water (Sela and Boyd, 1977). Small seeds, and 
minute surface details of larger specimens, were stud- 
ied by standard techniques of scanning electron mi- 
croscopy (SEM), using the Cambridge Stereoscan 250 
and Hitachi S-450 SEM models. 

Internal morphology and anatomy were revealed in 
some instances by studying fractured specimens with 
light and SEM microscopy and in other cases by serial 
sectioning. Specimens 1.5 mm to 25 mm in diameter 
were sectioned with a Microslice II] annular diamond 
saw, with a very thin blade (0.05 mm thick) to mini- 
mize wastage (kerf loss about 0.15 mm) in the cutting 
process. Resulting wafers were photographed unetched 
in xylene, or dry after etching with hydrofluoric acid, 


CLARNO (EOCENE) FRUITS AND SEEDS: MANCHESTER 15 


by reflected light microscopy using a Wild M400 pho- 
tomacroscope. For finer anatomical details the wafers 
were then used to make peels and/or ground thin sec- 
tions for transmitted light microscopy. Peels were pre- 
pared by the cellulose acetate peel method (Basinger 
and Rothwell, 1977; Basinger, 1981) after etching for 
two minutes in 48% HF. The peels were cleared in 
clove oil, mounted in Canada Balsam with slide and 
coverglass. Ground sections were prepared by mount- 
ing the wafers on microscope slides with Elmers Epoxy, 
and grinding to approximately 30 um thickness on a 
Buehler thin sectioning machine. Anatomical detail 
from thin sections was photographed with the Nikon 
FE camera mounted on a Nikon Labophot compound 
microscope using standard transmitted and/or reflect- 
ed light from an obliquely positioned fiber optic source. 
For one taxon (Hydrangea), small organically pre- 
served seeds were liberated by dissolving the silicified 
fruit in hydrofluoric acid, then washed and mounted 
on microscope slides for transmitted light microscopy. 

External measurements were obtained with brass 
calipers graduated to 0.1 mm. Dimensions were cal- 
culated on the basis of all available specimens, or at 
least 25 specimens, of each species. Obviously con- 
torted or broken specimens were not included in the 
measurements. Unless otherwise indicated, the longest 
axis of the fruit or seed was treated as height or length. 
Width and thickness are the wider and narrower di- 
mensions, respectively, measured at right angles to the 
length. 

Methods of identifying fossil fruits and seeds are 
reviewed in detail by Tiffmey (1990). Discussions of 
extant and fossil seeds by Reid and Chandler (1933), 
Chandler (1961b, 1964, 1978), Collinson (1983), Friis 
(1985), Kirchheimer (1957), and Mai (1976) provided 
a useful guide for preliminary investigations of the 
Clarno taxa. Comparisons with extant seeds were car- 
ried out by examining representatives of most extant 
angiosperm families in herbaria and seed collections. 


RESULTS AND INTERPRETATION 


SYSTEMATIC DIVERSITY OF THE 
Nut BEDs FLORA 


One hundred and forty five genera and 173 species 
of fruits and seeds have been recognized among the 
Nut Beds collections (Table 1) and are described and 
illustrated in this monograph. In addition, among the 
less well-preserved specimens in the collections, there 
may be as many as twenty more genera that are ex- 
cluded from the following discussions. Four gymno- 
sperm genera, representing Pinaceae and Taxaceae, are 
recognized, but the majority of taxa are angiosperms. 


From the working total of 145 genera and 173 species, 
only 75 genera and 102 species have been identified 
as belonging to modern families. The remaining taxa, 
constituting approximately half of the assemblage, are 
of uncertain affinity with respect to extant families 
(Text-fig. SA). This group probably includes both ex- 
tant and extinct genera, but the affinities are still un- 
determined at the time of this writing. Nevertheless, 
these species are described and illustrated in order to 
document, as completely as possible, the full diversity 
of the flora and to invite further study by other re- 
searchers. 

The numbers presented above, based only on the 
fruits and seeds, understate the full diversity of the Nut 
Beds flora because many additional taxa are repre- 
sented by other plant organs. For example, Equisetum 
clarnoi (J. T. Brown, 1975: Retallack, 1981) is known 
from silicified stems and compressed strobili (PI. 1, fig. 
1); four types of ferns are known from leaves and stems, 
and a cycad with foliage resembling Dioon is present 
(Manchester, 1981). Families confirmed on the basis 
of wood that have not been recognized among the fruits 
and seeds include Ginkgoaceae (Ginkgo; Scott et al., 
1962), Trochodendraceae (Scott and Wheeler, 1982), 
and Sterculiaceae (Manchester, 1979, 1980). Although 
the extent of overlap is unknown, it is probable that 
the fossil leaves (Manchester, 1981) and woods (Scott 
and Wheeler, 1982) collected from the Nut Beds rep- 
resent some of the same species as those known from 
seeds or fruits treated here. However, because none of 
the organs have been found in direct attachment, as- 
sessments of conspecificity remain speculative. 

It is not possible to give a precise percentage of the 
Nut Beds genera that are extinct vs. extant because a 
large proportion of the genera are still of uncertain 
systematic position relative to modern families and 
genera. Nevertheless, all genera recognized here may 
be divided into four groups indicating current knowl- 
edge of their status relative to living taxa (Text-fig. 5): 

1) Extant genera. Those that possess features that 
are diagnostic of a living genus; these species are given 
the appropriate modern generic name, for example, 
Cornus, Magnolia, Meliosma, Quercus. 

2) Extinct genera. Those that have features diag- 
nostic of a particular modern family, but with addi- 
tional characters that set them apart from living genera 
of that family, for example, Cruciptera, Langtonia, 
Pentoperculum. 

3) Form genera. Those that have not been traced to 
a particular modern family (i.e., incertae sedis), for 
example, Carpolithus, Joejonesia. Form genera prob- 
ably include extant genera that I have failed to identify, 
as well as extinct genera and/or families. These genera 
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Table 1.—Comprehensive list of fruit and seed taxa from the Clarno Nut Beds assemblage indicating number of specimens observed. 


taxon quantity 
Pinaceae 
Pinus sp. 1 
Taxaceae 
Taxus masonil sp. nov. 20 
Torreya clarnensis sp. nov. 75 
Diploporus torreyoides gen. et sp. nov. 3 
Actinidiaceae 
Actinidia oregonensis sp. nov. ql 
Alangiaceae 
Alangium eydei sp. nov. 33 
Alangium rotundicarpum sp. nov. i 
Anacardiaceae 
Pentoperculum minimus (Reid et Chandler) 
gen. et comb. nov. 62 
Rhus rooseae sp. nov. 15 
Annonaceae 
Anonaspermum cf. pulchrum Reid et Chandler 16 
Anonaspermum bonesii sp. nov. 1 
Anonaspermum rotundum sp. nov. 1 
Araliaceae 
Paleopanax oregonensis gen. et sp. nov. 3) 
Betulaceae 
Kardiasperma parvum gen. et sp. nov. 21 
Coryloides hancockii gen. et sp. nov. 34 
Burseraceae 
Bursericarpum oregonense sp. nov. 40 
Bursericarpum sp. 6 
Cornaceae 
Cornus clarnensis sp. nov. 5 
Langtonia bisulcata Reid et Chandler 31 
Mastixia sp. 4 
Mastixioidiocarpum oregonense Scott 22 
Mastixicarpum occidentale sp. nov. 2 
Nyssa scottil sp. nov. 6 
Nyssa spatulata (Scott) comb. nov. 25 
Nyssa sp. 3 
Fagaceae 
Castanopsis crepetil Sp. Nov. 6 
Quercus paleocarpa Manchester 3 
Flacourtiaceae 
Saxifragispermum tetragonalis sp. nov. 65 
Hamamelidaceae 
Fortunearites endressii gen. et sp. nov. 6 
Hydrangeaceae 
Hydrangea knowltonii gen. et sp. nov. 45+ 
Icacinaceae 
Iodeae 
Todes multireticulata Reid et Chandler 14 
Todes chandlerae sp. nov. 13 
lodicarpa ampla gen. et sp. nov. 15 
Todicarpa lenticularis sp. nov. 16+ 
Comicilabium atkinsii gen. et sp. nov. 8 
Phytocreneae 
Palaeophytocrene hancockii Scott 20 


taxon 


Palaeophytocrene pseudopersica Scott 
Pyrenacantha occidentalis sp. nov. 


Juglandaceae 
Juglandeae 


Cruciptera simsont (Brown) Manchester 
Juglans clarnensis Scott 


Engelhardieae 

cf. Palaeocarya clarnensis Manchester 
Platycaryeae 

Paleoplatycarya? hickeyi sp. nov. 


Lauraceae 


Laurocalyx wheelerae sp. nov. 
Laurocarpum hancocki sp. nov. 
Laurocarpum nutbedensis sp. nov. 
Laurocarpum raisinoides sp. nov. 
Lindera clarnensis sp. nov. 


Leguminosae 


Leguminocarpon sp. 


Lythraceae 


Decodon sp. 


Magnoliaceae 


Magnolia muldoonae sp. nov. 
Magnolia paroblonga sp. nov. 
Magnolia tiffneyi sp. nov. 


Menispermaceae 


Coscineae 
Anamirta leiocarpa sp. nov. 


Menispermeae 


Diploclisia auriformis (Hollick) comb. nov. 


Eohypserpa scottil sp. nov. 
Davisicarpum limacioides sp. nov. 
Palaeosinomenium venablesii Chandler 


Tinosporeae 


Atriaecarpum clarnense sp. nov. 
Calycocarpum crassicrustae sp. Nov. 
Chandlera lacunosa Scott 

Curvitinospora formanii gen. et sp. nov. 
Odontocaryoidea nodulosa Scott 
Tinospora elongata sp. nov. 

Tinospora hardmanae sp. nov. 
Tinomiscoidea occidentalis sp. nov. 
Thanikaimonia geniculata gen. et sp. nov. 


Musaceae 


Ensete oregonense Manchester et Kress 


Palmae 


Sabal bracknellensis (Chandler) Mai 


Sabal jenkinsii (Reid et Chandler) comb. nov. 


Platanaceae 


Macginicarpa glabra Manchester 
Platanus hirticarpa sp. nov. 
Tanyoplatanus cranei gen. et sp. nov. 


Rosaceae 


Prunus weinsteinil sp. nov. 
Prunus olsonii sp. nov. 


quantity 


80 
8 


200+ 


Ae ev 


200+ 
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Table 1.—Continued. 
taxon quantity taxon quantity 
Rubiaceae Lignicarpus crassimuri gen. et sp. nov. 4 
Emmenopterys dilcheri sp. nov. Vi Ligniglobus sinuosifibrae gen. et sp. nov. 5 
Sabiaceae Lunaticarpa curvistriata gen. et sp. nov. 80 
Meliosma beusekomii sp. nov. 110 Microphallus perplexus gen. et sp. nov. 25 
Meliosma bonesii sp. nov. 22 Nephrosemen reticulatus gen. et sp. nov. 21 
Meliosma elongicarpa sp. nov. 2 Omsicarpium striatum gen. et sp. nov. 1 
Meliosma cf. jenkinsii Reid et Chandler 8 Pasternackia pusilla gen. et sp. nov. 220 
Meliosma leptocarpa sp. nov. 50+ Pileosperma minutum gen. et sp. nov. 10 
Sabia americana sp. nov. 22 Pileosperma ovatum sp. nov. 35 
Sapindaceae Pistachioides striata gen. et sp. nov. 2 
Devincen wolel eenset sp. nov. 28 Pollostosperma dictyum gen. et sp. nov. 260 
EAecalC pilin nob ocaIsp OY 36 Polygrana nutbedensis gen. et sp. nov. 3 
Paineenilenuneteerd orien nov: 0 Pruniticarpa cevallosti gen. et sp. nov. 3 
Pteronepelys wehrii gen. et sp. nov. 2, 
Sepolccae Pulvinisperma minutum gen. et sp. nov. 170 
Bumelia? globosa sp. nov. 40+ Pyrisemen attenuatum gen. et sp. nov. 32 
Bumelia? subangularis sp. nov. B) Quintacava velosida gen. et sp. nov. 1 
Schisandraceae Sambucuspermites rugulosus gen. et sp. nov. 9 
Schisandra oregonensis sp. nov. 27 Scabraecarpium clarnense gen. et sp. nov. 9 
Staphyleaceae Scalaritheca biseriata gen. et sp. nov. 10 
Tapiscia occidentalis Manchester 78 Scaphicarpium radiatum gen. et sp. nov. 15 
Sphaerosperma riesii gen. et sp. nov. 2 
Syaablccaceic Sphenosperma baccatum gen. et sp. nov. i 
Symplocos nooteboomii sp. nov. 4 Stockeycarpa globosa gen. et sp. nov. 1 
Theaceae Striatisperma coronapunctatum gen. et sp. nov. 69 
Clevera grotei sp. nov. 32 Tenuisperma ellipticum gen. et sp. nov. 2 
Wimacene Tiffneycarpa scleroidea gen. et sp. nov. 1 
ce Trigonostela oregonensis gen. et sp. nov. 9 
Celtidoideae Tripartisemen bonesii gen. et sp. nov. 270+ 
Aphananthe maii sp. nov. 12 Triplascapha collinsonae gen. et sp. nov. 4 
Celtis burnhamae sp. nov. 100+ Triplexivalva rugata gen. et sp. nov. 12 
Celtis sp. 160+ Trisepticarpium minutum gen. et sp. nov. 1 
Trema nucilecta sp. nov. 46 Truncatisemen sapotoides gen. et sp. nov. 3 
Ulmoideae Ulosperma hardingae gen. et sp. nov. 4 
Cedrelospermum lineatum (Lesq.) Manchester 11 Wheelera lignicrustae gen. et sp. nov. 3 
Vitacene Carpolithus bellispermus Chandler 100 
; - Carpolithus sp. | 2 
Ampelocissus auriforma sp. nov. 90 Carpolithus sp. 2 2 
Ampelocissus Scotti sp. NOV. 10 Carpolithus sp. 3 3 
Ampelopsis rooseae sp. nov. 260 Carpolithus sp. 4 1 
Parthenocissus angustisulcata Scott 10 Carpolithus sp. 5 2 
Parthenocissus clarnensis sp. nov. 32+ Chrpolithus'sp. 6 1 
Vitis magnisperma Chandler 9 Carpolithus sp. 7 3 
Vitis uffneyi sp. nov. 50+ Carpolithus sp. 8 1 
Incertae Sedae Carpolithus sp. 9 10 
Ankistrosperma spitzerae gen. et sp. nov. 48 Carpolithus sp. 10 4 
Anonymocarpa ovoidea gen. et sp. nov. 1 Carpolithus sp. 11 ] 
Ascosphaera eocenis gen. et sp. nov. 20 Carpolithus sp. 12 1 
Axinosperma agnostum gen. et sp. nov. 22 Carpolithus sp. 13 1 
Bonesia spatulata gen. et sp. nov. 15 Carpolithus sp. 15 1 
Comminicarpa friisae gen. et sp. nov. 5+ Carpolithus sp. 16 15 
Cuneisemen truncatum gen. et sp. nov. 9 Carpolithus sp. 17 1 
Dentisemen parvum gen. et sp. nov. 3 Carpolithus sp. 18 2 
Durocarpus cordatus gen. et sp. nov. l Carpolithus sp. 19 1 
Ferrignocarpus bivalvis gen. et sp. nov. 24 Carpolithus sp. 20 1 
Fimbrialata wingii gen. et sp. nov. 10 Carpolithus sp. 21 1 
Fragarites ramificans gen. et sp. nov. 7 Five-part flower 2 
Globulicarpium levigatum gen. et sp. nov. 20 Extant families: 75 genera, 102 species 


Hexacarpellites hallii gen. et sp. nov. 
Joejonesia globosa gen. et sp. nov. 


Unknown families: 70 genera, 71 species 
Total: 145 genera, 173 species 
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include some interesting puzzles for future systematic 
research. 

4) Stereotype genera. Those that have features di- 
agnostic of a particular modern family, with a suite of 
characters found in more than one living genus of that 
family. Species assigned to stereotype genera cannot 
be resolved to a single extant or extinct genus; for 
example, Anonaspermum, Laurocarpum, Palaeosino- 
menium. 

One must be cautious when interpreting fossil ge- 
neric names. Form genera should not be blanketly as- 
sumed to represent extinct genera, because it is just as 
likely that they may represent undetermined extant 
genera. Likewise, in the characters available for study, 
stereotype genera are indistinguishable from two or 
more extant genera, and accordingly should not be 
assumed to represent extinct genera. 

The Nut Beds biota also includes insect remains. 
Two types of beetles are known from silicified adults 
(S. R. Manchester, pers. obs.) and one of the taxa pre- 
liminarily thought to be silicified seeds has been de- 
termined to represent eggs of the Phasmidae (Sellick, 
in press). The possibility exists that some of the form 
genera described in this monograph represent insect 
eggs or egg cases rather than plant remains. Rather 
than exclude taxa that could possibly be construed as 
insect eggs, I believe it is useful to document all of the 
structures because of the possible importance for bio- 
stratigraphy and/or future insect work. As this goes to 
press, I consider the following taxa worthy of inves- 
tigation as possible insect remains: Carpolithus bellis- 
permus, Scalaritheca and Pileospermum. These taxa, 
nevertheless, have been included in the fruit/seed counts 
and, if ultimately determined to be of insect origin, 
will slightly alter some of the percentages presented in 
this section. 

Thirty-five extant families have been recognized 
among the Nut Beds fruits and seeds. Among the 75 
genera of known familial affinities, 38, or 50%, have 
been attributed to genera that are still living today 
(Text-fig. 5B). These extant genera, indicated in Tables 
1 and 5, are significant in showing little or no evolution 
in fruit morphology over a period of at least 43 million 
years. The number of extant genera recognized may be 
expected to increase with additional work as the affin- 
ities of form genera come to light. 

At least 26 genera (35% of those for which familial 
affinities have been determined) are extinct: Atriae- 
carpum, Cedrelospermum, Chandlera, Comicilabium, 
Kardiasperma, Coryloides, Cruciptera, Curvitino- 
spora, Davisicarpum, Deviacer, Diploporus, Eohyp- 
serpa, Fortunearites, lodicarpa, Langtonia, Mac- 
ginicarpa, Mastixicarpum, Mastixioidiocarpum, 
Odontocaryoidea, Palaeophytocrene, Palaeosinomen- 
ium, Pentoperculum, Saxifragispermum, Tanyopla- 


tanus, Thanikaimonia, Tinomiscoidea. This figure, too, 
will probably change with additional work. Sometimes 
fossils initially considered to be extinct are subsequent- 
ly found to be living as neobotanical exploration and 
comparative work continues, as in the classic case of 
Metasequoia, and as more recently discovered in Di- 
plopanax (Eyde and Xiang, 1991) and Craigia (Kva- 
cek, Buzek and Manchester, 1991). Morphological dif- 
ferences between related fossil and extant taxa that may 
be viewed as warranting generic distinction by one 
investigator may be viewed as simply reflecting greater 
variability within a single genus by another. For ex- 
ample, the species formerly treated as Palaeonyssa by 
Reid and Chandler (1933) and Scott (1954) are herein 
regarded as Nyssa. 

Relative to other paleobotanical localities of the 
Clarno Formation, the Nut Beds fruit and seed assem- 
blage is anomalously high in generic and specific di- 
versity. In surveying the large collections from the la- 
custrine shales at West Branch Creek (UF loc. 229c, 
230, UCMP loc. 3904, USGS loc. 8637), I have ob- 
served only 48 distinct types of compressed fruits and 
seeds and 53 types of leaves. 

The leaf flora of the Nut Beds includes about 65 
genera—less than half as many as those known from 
fruits and seeds. Although the leaf collection acquired 
from the Nut Beds between 1974 and 1981 is the result 
of more than 2000 person-hours, the recovery process 
for leaves in the heavily fractured siltstones (Man- 
chester, 1981) is very time-consuming and the total 
number of leaf specimens is less than 1000. The fruit 
and seed collections amassed since 1943 include more 
than 20,000 specimens. Thus, the discrepancies be- 
tween foliage and diaspore diversity may be in part 
due to differences in sample size. 

It’s unlikely that all of the Nut Beds species grew 
together in the same plant community; rather, it is 
probable that the assemblage includes elements from 
various parts of a large watershed. Judging from the 
sedimentary environment of the Nut Beds and the 
varying amounts of predepositional erosion evident in 
the fossil remains, the assemblage probably includes 
plants from different sources: some local, others carried 
from various distances upstream. Significant transport 
of fruits and seeds may also have been effected by birds 
that consumed fruits from various parts of the forest. 
When perched on branches close to or overhanging 
sites of sediment accumulation, birds have the poten- 
tial to introduce endocarps and seeds from more re- 
mote parts of the forest that would otherwise be un- 
derrepresented in the fossil assemblage. Such biotic 
transport, selective for bird-edible fruits, might explain 
the greater diversity of fruits and seeds than vegetative 
organs in the Nut Beds. Frugivorous mammals prob- 
ably also have played a role in fruit dispersal in Eocene 
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Text-figure 5.—Taxonomic status of Nut Beds fruit and seed genera relative to extant families and genera. A, Proportion of genera identified 
to modern families vs. those of unknown familial affinities. B, Genera identified to modern families, with proportions of extinct, modern and 
stereotype genera. C, Summary, emphasizing that only /, of genera have been determined to be extant. 


forests (Collinson and Hooker, 1992). Indeed, a large 
proportion of the seeds and endocarps identified ap- 
pear to have been from drupes or berries that would 
have been well-suited for bird and/or mammal dis- 
persal. The apparent absence of vitaceous leaf remains 
in the Clarno collections, contrasted with the abun- 
dance and diversity of grape seeds, supports this con- 
clusion. 


GROWTH HABIT AND DISPERSAL ECOLOGY 


The growth habit of a fossil species, i.e., whether it 
is a tree, shrub, liana or herb, may be inferred from 
that of its living relatives. Of course, this means of 
inference is not applicable to the fruit and seed taxa 
whose modern affinities are undetermined; therefore, 
fewer than half of the Nut Beds fruit and seed genera 
can be analyzed according to this approach. Never- 
theless, this methodology gives some insight into the 


stature of Nut Beds vegetation (Table 2). Among the 
identified taxa, trees and lianas are particularly well 
represented, while herbs and aquatic plants are poorly 
represented. 

Many of the fruit and seed genera are deduced to 
represent trees. Arborescent taxa include Aphananthe, 
Castanopsis, Juglandaceae (3 genera), Lauraceae, Mac- 
ginicarpa, Magnolia, Mastixia, Meliosma, Nyssa, 
Platanus, Quercus, Sabal, Tapiscia. Trees of lower 
stature and shrubs probably included Annonaceae, 
Cornus, cycad (known from foliage only), Fortunear- 
ites, Taxus, and Torreya. Arborescent taxa can also be 
inferred independently of fruit and seed data using 
fossil wood fragments from the Nut Beds. Based on 
curvature of growth rings, at least 40 different genera 
were derived from stems larger than 15 cm in diameter 
and were probably from trees. Some of these woods 
have been identified, including: Ginkgo (Scott et al., 
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Table 2.—Present habit and vegetational distribution of Nut Beds genera. 


deciduous/ 
genus habit evergreen TRF PT RF NBLE MM MBLD MNH MC 
Actinidia (© d + =f + + + 
Alangium tsc de + + + ap + 
Ampelocissus c d ae 
Ampelopsis c d ef + 
Anamirta c e te a 
Aphananthe t de ap aa ts ot 
Bumelia ts d + + 
Calycocarpum c d + 
Castanopsis ts e ate ete + te ag ar 
Celtis t de + + + + + 
Cleyera Ss e + 
Cornus ts d Ap +e ar + 
Decodon d tf aa 
Diploclisia (o e nee + 
Emmenopterys t d 3p 
Ensete h @ a + 
Hydrangea tsc de aa +r +f a or af 
lodes c e + + 
Juglans t d + + + + a 
Lindera ts d + ats ete + 
Magnolia t de + + oo + + 4 
Mastixia t e ahr 
Meliosma t de +! + + + + + 
Parthenocissus c + 
Pinus t e “2 + + + + + + 
Platanus t d + 4 + + eB 
Prunus ts de + of + + + 
Pyrenacantha ¢c e + + + 
Quercus t de + + + + + + 
Rhus tsc de +1 + + 
Sabal t © + + + 
Sabia Cc e + 
Schisandra Cc de + 4 + 
Symplocos ts de + + 7 + + + 
Tapiscia ts d + 
Taxus t e + ae 
Tinospora c e + 3 
Torreya t S + + 
Trema ts e + + + 
Vitis c d =}: =f + = 
' Including submontane rainforest. 
* Including montane forest. 
c = climber, s = shrub, t = tree, h = herb, d = deciduous, e = evergreen; TRF = Tropical Rain forest; PTRF = Paratropical Rain forest; 


NBLE = Notophyllous Broadleaved Evergreen; MM = Mixed Mesophytic; MBLD = Mixed Broadleaved and Deciduous; MNH = Mixed 
Northern Hardwood; MC = Mixed Coniferous. Vegetation types following Wolfe (1979). 


1962), Tapirira (Manchester, 1977), Sterculiaceae 
(Manchester, 1979, 1980), Alangium, Betula, Faga- 
ceoxylon, Magnolia, Plataninium, Quercinium, Ul- 
minium, (Scott and Wheeler, 1982), Engelhardioxylon 
(Manchester, 1983), and Clarnoxylon (Manchester and 
Wheeler, 1993). 

The diversity of climbers in the flora, at least 22 
genera and 30 species, (43% of the 69 species for which 
growth form may be inferred) is particularly striking. 
This estimate is based upon extant genera of climbing 
habit (Table 2), plus extinct genera belonging to fam- 
ilies or subfamilies that are virtually all climbers today. 


Menispermaceae, a family comprised almost exclu- 
sively of tropical lianas, is the most diverse family in 
the Nut Beds fruit and seed assemblage, with 13 genera 
and 14 species. In addition, seven species of Vitaceae, 
at least five species of Icacinaceae (those belonging to 
Todes, Iodicarpa, Palaeophytocrene, Pyrenacantha), and 
the species of Actinidia, Sabia, and Schisandra prob- 
ably represent lianas or climbers (Table 2). By contrast 
with the Nut Beds figure of 43%, the highest known 
percentages of liana species per flora in extant vege- 
tation are only about 24% (Gentry, 1992). 

Lianas such as those of extant Menispermaceae are 
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best developed where the tree canopy 1s interrupted, 
for example along stream banks and forest edges (For- 
man, 1986). Preferential growth at stream side, where 
seeds may be dropped directly into the sedimentary 
environment, may have caused over-representation of 
lianas relative to trees, shrubs and herbs in the fossil 
assemblage, but I doubt that this bias fully explains 
the high apparent diversity of lianas. The same families 
of lianas are also well represented in the Eocene Lon- 
don Clay flora of England (Chandler, 1961b; Collinson, 
1983). The diversity of lianas along with the trees men- 
tioned above may be taken as an indication that a 
multistratal, closed canopy forest had developed (Up- 
church and Wolfe, 1987). In addition, Crane (1987) 
has suggested that lianas and opportunistic shrubs may 
have played a more dominant role in colonizing bare 
ground in the Early Tertiary than today because the 
major radiation of extant angiosperm herbs occurred 
later in the Tertiary. 

Very few of the known Nut Beds taxa represent herbs. 
Among the fruit and seed genera, Ensete is the only 
known herbaceous element. Stem and leaf records at- 
test to the presence of Equisetum clarnoi (Pl. 1, fig. 1) 
and a few ferns. The ferns are represented by silicified 
petioles of Dennstaedtiopsis and Acrostichum and by 
foliage of Thelypteris iddingsti (Knowlton) MacGinitie, 
and “Asplenium” hurleyensis Berry (Manchester, 1976). 
Lygodium kaulfussii Heer, which is common at many 
Clarno localities (Manchester and Zavada, 1987), has 
not been recovered from the Nut Beds. Floating aquat- 
ic plants such as Nymphaeaceae, Ceratophyllum, Tra- 
pa and Salvinia are absent. Decodon, with a single 
extant species that grows as a sprawling shrub at the 
edge of swamps, is the only genus of the Nut Beds flora 
regarded as semi-aquatic. 

A small percentage of the taxa have winged dissem- 
inules and were probably wind-dispersed, such as the 
samaras of Cedrelospermum, Deviacer, Cruciptera, Pa- 
laeocarya, Palaeoplatycarya, and Pteronepelys, the 
tufted achenes of Platanus and Tanyoplatanus, and the 
seeds of Emmenopterys, Fimbrialata and Hydrangea. 
In extant forests, wind-dispersed species tend to best 
represented among trees and lianas of the forest can- 
opy, while bird-dispersed species are concentrated in 
the understory (Gentry, 1983). Gentry (1983) also not- 
ed that the percentage of species with wind-dispersed 
diaspores decreases as one proceeds from dry to wet 
forests in the neotropics. 

At least 80% of Nut Beds taxa appear to have been 
well-suited for biotic dispersal. Nuts that commonly 
are dispersed by rodents today include Juglans, Cas- 
tanopsis and Quercus and it may be expected that Cor- 
yloides, being similar to Corylus, was similarly adapt- 
ed. Although I have not observed obvious gnaw marks 
on any of the fossil nuts or seeds, it is likely that rodents 


played some role in seed dispersal. Among the mam- 
malian fauna of the Nut Beds, Orohippus, Hyrachyus 
and Te/matherium were browsers that may have par- 
ticipated in fruit dispersal. Birds were probably the 
most important dispersal agents for Nut Beds plants. 
As inferred from extant relatives and from morphology 
of the preserved fruit and seed remains, the over- 
whelming majority of Nut Beds species represent fleshy 
fruits, of the kind regularly dispersed by birds. Some 
examples include Actinidia, Anamirta, Annonaceae, 
Aphananthe, Celtis, Cornus, Ensete, Mastixia, Me- 
liosma, Nyssa, Prunus, Rhus, Sabal, Symplocos, Tap- 
iscia, Taxus, and the seven species of Vitaceae. 

Although seed size ranges greatly among the Nut 
Beds species, the occurrence of many species with large 
fruits and seeds is particularly striking (Scott, 1954; 
Tiffmey, 1984). Based on a survey of seed size in Cre- 
taceous and Tertiary floras, Tiffhey (1984) observed 
that most angiosperm seeds of the Cretaceous are small; 
large fruits first become common in the Early Tertiary. 
The abundance of large fruits in Eocene floras such as 
the Nut Beds probably coincides both with the radi- 
ation of mammal and bird taxa important as dispersal 
agents, and with the formation of closed canopy forest 
(Tiffney, 1984). A well-marked correlation between 
large seed size and establishment in shady, stable plant 
associations has been statistically documented in living 
tropical woody plants (Salisbury, 1942; Foster and Jan- 
son, 1985; Foster, 1986). In a closed canopy evergreen 
forest, large seeds have an adaptive advantage over 
smaller ones because they possess more food reserves 
for the embryo, enabling the seed to germinate and 
become established under subdued light conditions. 
Smaller seeds typically require more intense sunlight 
for sufficient photosynthesis for a seedling to become 
established, and are commonly produced in large 
quantities by plants that are successful at colonizing 
sun-lit gaps in the forest canopy. The high proportion 
of relatively large, biotically dispersed fruits and seeds 
in the Nut Beds assemblage may thus be an indication 
of closed canopy forest. 


CLIMATIC INTERPRETATION 


Fossil plants and animals of the Clarno Nut Beds 
reflect climatic conditions under which the biota ex- 
isted. The presence of crocodilian teeth and such ther- 
mophilic plants as cycads, palms (Saba/) and bananas 
(Ensete) gives an indication that the Nut Beds biota 
lived under typically frost-free, subtropical or tropical 
conditions. The Middle Eocene coastline was situated 
only about 100 km to the west (Nilsen and McKee, 
1979) so that the Clarno biota probably experienced 
the moderating climatic influence of the nearby ocean. 
Deposition of the Clarno Formation took place prior 
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to the Neogene uplift of the Cascade and Coast Ranges 
that effected the present-day rain shadow. 

Paleoclimatic conditions are inferred by identifying 
floristic and/or physiognomic similarities of a fossil 
assemblage to a modern vegetation type of known cli- 
matic parameters. Discussion of paleoclimate requires 
a working definition of terms, because different inves- 
tigators have applied widely differing concepts of what 
constitutes such categories as tropical, subtropical, and 
temperate. For consistency with other paleobotanical 
literature I have adopted the definitions of Wolfe (1979) 
which are based on modern mean annual temperatures 
(MAT) for humid to mesic regions of eastern Asia: 
tropical > 25°C; paratropical 20-—25°C; subtropical | 3- 
20°C; temperate 10-13°C; paratemperate 3—10°C; sub- 
temperate <3°C. These paramaters, along with mean 
cold month temperature and mean annual range of 
temperature, appproximately delimit distinct forest 
types within mesic vegetation (Wolfe, 1979). 

The high proportion of lianas already discussed (43% 
of the species with known familial affinities) supports 
previous interpretations that the Nut Beds flora rep- 
resents tropical or paratropical forest (Scott, 1954; 
Wolfe 1977), possibly with a multistratal canopy (Up- 
church and Wolfe, 1987). Observing that in Recent 
vegetation, “the great majority of woody lianas are 
restricted to tropical forests,’ Gentry (1992) computed 
the percentage of lianas per florula in temperate eastern 
North America at 6%, vs. 19% in continental tropical 
florulas. Gentry’s work did not specifically address li- 
ana diversity in subtropical or paratropical situations. 

Woods from the Nut Beds consistently show growth 
rings, indicating seasonality of temperature and/or pre- 
cipitation. However, true ring-porous wood structure, 
which typically is confined to temperate situations, has 
not been observed. Of the fruit and seed genera that 
have been identified to extant genera, at least 42% are 
deciduous-leaved today (Table 2). Fossil leaves from 
the Nut Beds are mostly of large size (67% of the di- 
cotyledonous leaf species exceed 10 cm in lamina 
length) and, at latest count (preliminary to a detailed 
work on the leaf flora), 33 of the dicot leaf species, or 
52%, are entire-margined. Additional research on leaves 
and woods of the flora may provide physiognomic data 
useful in testing the taxonomically-based assessment 
provided here. 

One approach to the assessment of paleoclimate is 
based on the growing conditions of extant taxa related 
to those identified in the fossil assemblage. The cli- 
matic preferences of present-day relatives of the fossil 
taxa are taken as an indication of the range of condi- 
tions under which the fossil flora might have existed. 
There are various problems inherent in using this uni- 
formitarian approach: 1) the climatic tolerances of a 


taxon may evolve to accommodate environmental 
change; 2) the current distribution of a taxon is con- 
trolled by many factors, only one of which is regional 
climate (other important factors include historic bar- 
riers to dispersal, and effects of interspecies competi- 
tion and pathogens); 3) any taxa that are misidentified 
may introduce erroneous climatic data. Because of 
problems that may result from mistaken identities, I 
have been particularly cautious in the systematic treat- 
ment of genera in this monograph, placing them in 
form- or stereotype genera, rather than in the “nearest 
modern equivalent” when characters diagnostic of a 
modern genus could not be demonstrated. Despite the 
limitations of taxonomically based assessments of pa- 
leoclimate, such analyses provide at least a coarse guide, 
and may be used to evaluate conclusions reached by 
other methods. 

Among the Nut Beds taxa that have been identified 
to Recent genera, most live today within the broad 
range of temperate to tropical vegetation (Table 2). 
Some of these, such as 4Ampelocissus, Anamirta, Di- 
ploclisia, Ensete, Iodes, Mastixia, Pyrenacantha, and 
Tinospora, are confined to tropical and paratropical 
vegetation today. Others are elements of temperate 
forest associations (Mixed Mesophytic and Mixed 
Broadleaved Deciduous forests, sensu Wolfe, 1979, as 
modified from Wang, 1961), and are not found in trop- 
ical vegetation, e.g., Cornus, Decodon, Emmenopterys, 
Fortunearites (inferred from extant Fortunearia and 
Sinowilsonia), Parthenocissus, Tapiscia, and Torreya. 
Table 2, listing extant genera of the Nut Beds flora and 
the vegetation types in which they occur today, shows 
the highest number of taxa (27 of 40 genera) occurring 
in the Mixed Mesophytic and Mixed Broadleaved Ev- 
ergreen forest communities, followed by the 24 genera 
with Paratropical Rain forest affinities, and 22 with 
Tropical Rain forest affinities. However, if one were 
to score the extinct genera of Menispermaceae and 
Icacinaceae as tropical, where these families predom- 
inate today, the larger proportion of Nut Beds taxa (37 
of 52 genera, or 71%) would be regarded as tropical to 
paratropical. 

Faced with a mixture of taxa, some that are exclu- 
sively tropical today and others that are exclusively 
temperate, interpretation of paleoclimate for the Nut 
Beds depends on the assumptions made and how the 
data are weighted. One might, for example, infer a 
temperate environment for the Nut Beds and suggest 
that many elements have subsequently evolved into 
more tropical situations where they are found today. 
Or, alternatively, the Nut Beds may represent tropical 
or paratropical vegetation, some of the elements of 
which have since evolved to accommodate more tem- 
perate conditions. The second scenario is favored be- 
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cause tropical to subtropical vegetation is also sug- 
gested by foliar physiognomic considerations (Wolfe, 
1977; Manchester, 1981). It is also possible that the 
apparent mixture of cool and warm elements is a gen- 
uine reflection of mixed sources, some of the cooler 
elements having been transported from higher eleva- 
tions. 

Presumably, the presence of frost intolerant taxa 
places more constraints on the inference of climate 
than the presence of frost tolerant genera. Although 
temperate taxa may survive in tropical situations, par- 
ticularly at higher elevations, tropical elements such 
as Ensete, a member of the banana family, would not 
be expected to persist in a setting with cold winters. 
Ensete occurs today in paratropical and tropical veg- 
etation of southeast Asia where the mean annual tem- 
perature falls within the ranges of 20—25°C (Paratrop- 
ical Rain forest, sensu Wolfe, 1979) and 25-—28°C 
(Tropical Rain forest sensu Wolfe, 1979), and the mean 
annual range of temperature is low. The mean annual 
range of temperature varies from 2—19°C among dif- 
ferent weather stations in Paratropical Rain forest and 
2-11°C in Tropical Rain forest (Wolfe, 1979). The cold 
month mean temperature in these vegetation types is 
10°C or greater. If it is assumed that its climatic tol- 
erances have not changed significantly since the Eo- 
cene, then the presence of Ensete suggests warm, moist, 
equable climate, as is also consistent with the presence 
of cycads and palms. 

The Nut Beds provides just one example of the warm 
vegetation that was widespread in the Eocene of the 
northern hemisphere (Wolfe, 1985). Tropical to par- 
atropical vegetation has also been recognized in the 
Eocene of southern Alaska (Wolfe, 1972, 1977) and in 
Europe (Reid and Chandler, 1933: Chandler, 1964). A 
marked temperature decline is apparent by the Early 
Oligocene, possibly corresponding to changes in ocean 
currents effected by the Late Eocene separation of South 
America from Antarctica resulting in development of 
the circum-Antarctic current (Kennett, 1977; Parrish, 
1987) and the formation of deep water channels en- 
abling southward drainage of Arctic Ocean waters 
caused by the rifting of Spitzbergen and Iceland from 
Greenland (McKenna, 1975; B. LePage, pers. comm., 
1992). 


BIOGEOGRAPHIC CONSIDERATIONS 


The Nut Beds flora contributes a wealth of data use- 
ful in phytogeographic investigations. Floristic com- 
parison, both with other Tertiary floras and with extant 
floras, provides insight into the spread of boreotropical 
forest in the Northern hemisphere. This section con- 
siders the levels of taxonomic similarity of the Nut 
Beds flora with other fossil fruit and seed assemblages 


and with living floras. Comparison with other Tertiary 
floras indicates particularly close similarity with the 
Eocene flora of western Europe. Among modern-day 
vegetation, the closest taxonomic resemblance 1s found 
in eastern Asia. 


Comparison with other Fossil Floras 


Because of the high proportion of Nut Beds genera 
that are extinct and/or of indeterminate familial affin- 
ity, it is not possible to link each of the fossil fruit/ 
seed species with a corresponding leaf species. There- 
fore, the most informative paleofloristic comparisons 
are those made with other fossil fruit and seed assem- 
blages. Detailed comparison with other Paleogene leaf 
floras will become possible when the leaf assemblages 
of the Nut Beds and other Clarno localities are docu- 
mented. 


North American Fossil Floras 


The Late Eocene or Early Oligocene LaPorte flora 
of northern California, best known for its leaf assem- 
blage (Potbury, 1935), has recently yielded a good col- 
lection of well-preserved, lignitized fruits and seeds, 
many of which are shared at the generic, and possibly 
specific, levels with Nut Beds taxa. A preliminary tax- 
onomic list of LaPorte fruit and seed flora was pre- 
sented by Tiffney (in Doyle et al., 1988) along with an 
identification key and illustrations (those taxa indi- 
cated by asterisks (*) are shared with the Nut Beds 
flora): Dracontomelon type [probably Pentopercu- 
lum*], hamamelidaceous seed*, Quercus*, Pterocarya/ 
Cyclocarya type, Magnolia?*, Mastixia (Ganitrocera 
type)[probably Mastixioidiocarpum*], Odontocaryoi- 
dea type*, Stephania type [similar to Palaeosinomen- 
ium*], Tinospora type*, Nyssa*, Rhamnus?, Zanthox- 
ylum, Sapotaceae*, Tapiscia?*, Halesia?, Symplocos*, 
Vitis*, Parthenocissus*. It is noteworthy that the Nut 
Beds flora bears greater similarity to this younger flora 
than to other Middle Eocene fruit and seed assemblages 
in North America. 

The Middle Eocene Princeton chert flora of southern 
British Columbia, Canada includes a variety of ana- 
tomically preserved fruits and seeds that are revealed 
by sectioning and peeling the chert (Basinger and Roth- 
well, 1977; Cevallos-Ferriz and Stockey, 1988a, 1988b, 
1989, 1990, 1991). The flora is relatively low in di- 
versity, but includes several taxa in common with the 
Nut Beds flora, including Vitaceae (Cevallos-Ferriz and 
Stockey, 1989), Lauraceae, sabaloid Palmae (Erwin, 
1987), Decodon (Cevallos-Ferriz and Stockey, 1988a), 
Prunus (Cevallos-Ferriz and Stockey, 1991), a mastix- 
ioid species similar to Mastixicarpum (Stockey, pers. 
comm., 1990), and the newly recognized Stockeycarpa 
(p. 111). The Princeton flora includes aquatic plants 
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such as Nympheaceae (Cevallos-Ferriz and Stockey, 
1989), which are unknown from the Nut Beds, and 
appears to lack the diversity of lianas characteristic of 
the Nut Beds assemblage. M/etasequoia, which 1s abun- 
dant in the Princeton flora (Basinger, 1981) is absent 
from the Clarno Formation, though it becomes abun- 
dant in the Lower Oligocene of the overlying John Day 
Formation (Manchester and Meyer, 1987). The full 
diversity of the Princeton flora remains to be docu- 
mented so I hesitate to provide statistical comparison 
between the Princeton and Nut Beds floras. However, 
the presence of several shared genera indicates that the 
geographic ranges of some of the Nut Beds taxa ex- 
tended into the northern part of the continent. 

Although it is known mostly from leaf impressions, 
the Middle Eocene (Lower Ravenian) assemblages of 
the Kushtaka and Kulthieth Formations in the Gulf 
of Alaska appear to be floristically very similar to the 
Nut Beds assemblage (Wolfe, 1972, 1977). Shared or 
similar genera include 4/angium, Anamirta, Diplocli- 
sia, Limacia (cf. Davisicarpum), Mastixia, Meliosma, 
Palaeophytocrene, ?Pyrenacantha, Sabalites, and Vi- 
tis. These assemblages are similar to the Nut Beds flora 
in the high proportion of lianas. Geophysical and pa- 
leobotanical data suggest that the Gulf of Alaska floras 
are part of a tectonic block that was located farther 
south in the Eocene (Cowan, 1982; Saleeby, 1983; Ax- 
elrod, et al., 1991). 

In the southeastern United States, the Middle Eo- 
cene Claiborne flora of Tennessee and Kentucky is best 
known for fossil leaves (Berry, 1930; Dilcher, 1971), 
but has also yielded about 90 distinct taxa of fruits and 
seeds (Grote, 1989). Given the similarity in age, one 
might expect a high percentage of taxa to be shared 
between the Clarno and Claiborne floras. Although 
some of the same families are present, e.g., Annona- 
ceae, Hamamelidaceae, Juglandaceae, Leguminosae, 
Magnoliaceae, Sapotaceae, and Theaceae, generic sim- 
ilarity is minimal, including only Magnolia (Grote, 
1989), Nyssa (Dilcher and McQuade, 1967), Palaeo- 
carya (Dilcher, Potter and Crepet, 1976; Manchester, 
1987), and Sabal (represented by leaves, Daghlian, 
1978). Unlike the Nut Beds flora, the Claiborne in- 
cludes a large number of taxa with present-day relatives 
in tropical America (Roth and Dilcher, 1979; Taylor, 
1990). The Clarno flora lacks the high diversity of 
legumes found in the Eocene of southeastern North 
America (Herendeen and Dilcher, 1990; Herendeen, 
1992). The apparent absence in the Claiborne flora of 
families that are diverse in the Clarno flora, such as 
Icacinaceae, Menispermaceae and Vitaceae, is con- 
spicuous. These differences suggests major floristic dis- 
continuity between northwestern and southeastern 
North America in the Middle Eocene. The floristic 
differences between the Clarno and Claiborne assem- 


blages might be due in part to climatic and edaphic 
factors, but may also reflect barriers to dispersal, in- 
cluding the prior mid continental sea of the Cretaceous 
and rise of the Rocky Mountains. High paleoelevations 
that have been inferred for the southern Rocky Moun- 
tains by the Late Eocene (Meyer, 1992) may have re- 
inforced floristic differentiation of western and eastern 
Eocene floras of North America. 

The Brandon Lignite flora of Vermont is relevant in 
this comparison as the only well-documented Tertiary 
megafossil flora of northeastern North America. Al- 
though not independently dated, the flora is thought 
to be Oligocene (Tiffney, 1981) or perhaps Early Mio- 
cene (Tiffney, 1985b). The Brandon flora appears to 
lack tropical elements such as Menispermaceae and 
Icacinaceae. Genera shared with the Nut Beds include 
Alangium (Eyde, Bartlett and Barghoorn, 1969), Mag- 
nolia (Tiffney, 1977), Vitis and Parthenocissus (Tiffney 
and Barghoorn, 1976), Nyssa (Eyde and Barghoorn, 
1963), and Symplocos (from pollen, Traverse, 1955; 
from endocarps, Tiffney, pers. comm., 1992). The 
composition and geographic placement of the Brandon 
flora provide support for the concept ofa Tertiary land 
connection across the North Atlantic (Tiffney, 1985b). 


European Fossil Floras 


Most of the families and many of the genera present 
in the Nut Beds are also known from the Eocene of 
Europe (Text-fig. 6). Comparable floras include the 
Early Eocene London Clay of southern England and 
the Middle Eocene Geiseltal and Messel floras of Ger- 
many (Table 3). The largest and most intensively in- 
vestigated of these, with about 200 described genera 
of fruits and seeds, is the London Clay (Reid and Chan- 
dler, 1933; Chandler, 1961b, 1964, 1978; Collinson, 
1983). The London Clay assemblage includes pyritized 
fruits and seeds collected from several localities of the 
London Clay Formation along the southern coast of 
England. The London Clay fossils were deposited in 
marine sediment, and include disseminules of man- 
grove vegetation and shark teeth that are absent in the 
Nut Beds. However, most of the London Clay plants 
are terrestrial, evidently deposited near the mouth of 
a large river, and provide a good record of regional 
vegetation. 

Similarity between the Clarno and London Clay flo- 
ras was recognized previously on the basis of prelim- 
inary investigation of the Nut Beds assemblage and 
has contributed to the concept of an Eocene boreo- 
tropical flora (Scott, 1954; Chandler, 1964; Wolfe, 1975; 
Tiffmey, 1985b; Mai, 1989). It is now possible to quan- 
tify the level of similarity based on the entire Nut Beds 
fruit and seed collection. Of the 145 fruit and seed 
genera currently recognized from the Nut Beds assem- 
blage, 30 genera (20%) are shared with the London 
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Clay flora (Table 3; Text-fig. 6). In addition, about 15 
species (10%) are the same or are nearly indistinguish- 
able from those of the London Clay. These data cor- 
roborate other evidence for the existence of a land- 
connection between Europe and North America during 
the Early Tertiary (McKenna, 1975; Tiffney, 1985a, 
b). Dated as Early Eocene (Collinson and Hooker, 1987) 
the London Clay biota predates the Middle Eocene 
Nut Beds biota by about five million years. The timing, 
routes and rate of dispersal of individual taxa across 
land connection(s) between western Europe and west- 
ern North America are not well understood, but the 
younger age of the Nut Beds deposit indicates that the 
interchange of these taxa between Europe and North 
America must have occurred during or prior to the 
Middle Eocene. 

Fruit and seed floras of central Europe are not as 
diverse, or have not been as thoroughly documented, 
as the London Clay flora, but include additional taxa 
shared with the Clarno flora. The Middle Eocene Gei- 
seltal flora from extensive lignite deposits in eastern 
Germany includes well-preserved leaves (Ruffle, 1976), 
pollen (Kritzsch, 1976) and fruits and seeds. Mai (1976) 
recognized 25 genera and 28 species of fruits and seeds 
from the Geiseltal, nine of which are shared with the 
Nut Beds: Castanopis, Iodes, Magnolia, Meliosma, 
Nyssa, Pinus, Sabal, Tapiscia, and Alangium. The 
Middle Eocene Messel flora in western Germany 
(Schaarschmidt, 1988) is a lacustrine deposit that in- 
cludes well-preserved compressions of leaves (Wilde, 
1989), and fruits and seeds (Collinson, 1982, 1988). 
About fifty genera of fruits and seeds are present in the 
collections from Messel, about one quarter of which 
are shared with the Nut Beds. The shared genera in- 
clude Cruciptera, Iodes, Magnolia, Mastixia, Melios- 
ma, Palaeocarya, Palaeophytocrene, Palaeosinomen- 
ium, Pentoperculum, Prunus, Tapiscia, Tinospora, 
Vitis?, and Tripartisemen (Collinson, 1982, 1988 and 
pers. obs.)*. Of these, Palaeocarya, Tripartisemen 
(“?Lythraceae” in Collinson, 1988) and Cruciptera 
(Manchester, 1991) are not recorded from the London 
Clay. 

Combining data from the London Clay, Messel and 
Geiseltal floras (Table 3), the percentage of Nut Beds 
genera shared with the Early to Middle Eocene of Eu- 
rope is 24. Some of the Nut Beds taxa have not been 
recorded from the Early and Middle Eocene of Europe 
but are known from later Tertiary deposits. Examples 
include Actinidia (Kirchheimer, 1957; Friis, 1985), 
Cedrelospermum (Manchester, 1987b, 1989a)?, Celtis 
(Manchester, 1989c), Decodon (Friis, 1985), Hydran- 
gea (Mai, 1985), Rhus (Friis, 1969), and Sabia (Geis- 


> Cedrelospermum is now also recognized at Messel. See Notes 
added in proof, p. 200. 
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Text-figure 6.— Nut Beds fruit and seed genera shared with Eocene 
floras of Europe. Genera listed in Table 3. 


sert and Gregor, 1981). Most of these are no longer 
native to Europe, having succumbed to Plio-Pleisto- 
cene climatic cooling. 


Paleogeography 


The geographic routes of exchange between the Nut 
Beds flora and the London Clay, Messel and Geiseltal 
floras of western and central Europe are of considerable 
phytogeographic interest (Tiffney, 1985a, b). Geo- 
physical data suggest that land bridges were open both 
across the North Pacific and across the North Atlantic 
during the Eocene (Parrish, 1987). If the connection 
was across Beringia, then one would expect to see 
marked floristic similarities with the Eocene of Asia. 
Although floristic ties with the Recent flora of eastern 
Asia are strong (discussed next section), the antiquity 
of this connection needs to be documented. In this 
regard, it would be desirable to make detailed com- 
parisons with floras of similar age in Asia. However, 
I am not aware of comparable Asian Eocene fruit and 
seed floras. Careful comparisons among leaf and pollen 
records are needed for a better understanding of the 
similarities and differences between North American 
and Asian Eocene floras, a project beyond the scope 
of the present study. 

Even if taxa were successful in spreading between 
North America and Asia via Beringia, the Turgai sea- 
way that separated Asia and Europe through at least 
the Early Eocene may have blocked exchange with Eu- 
rope (Tiffmey, 1985b). Exchange across the North At- 
lantic via connections through Greenland and Iceland 
is viewed as more likely (McKenna, 1975; Tiffney, 
1985b), but Early Tertiary floras so far studied from 
Greenland and Spitzbergen give no clue to the presence 
of such thermophilic taxa as Menispermaceae and Ica- 
cinaceae. 


Comparison with Recent Floras 


The only genera of the Nut Beds flora that are still 
native to Oregon today are Pinus, Taxus, Celtis, Cor- 
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Table 3.—Clarno fruit and seed taxa shared with European Eocene floras.* 


Alangiaceae 

Alangium LELG 
Anacardiaceae 

Pentoperculum Le 
Annonaceae 

Anonaspermum 1G 
Burseraceae 

Bursericarpum LE 
Cornaceae 

Cornus Ke 

Langtonia LC 

Mastixia LC, M 

Nyssa Le; G 
Fagaceae 

Castanopsis G 
Flacourtiaceae 

Saxifragispermum LE 
Icacinaceae 

lodes Ley GM 

Palaeophytocrene LC, M 
Juglandaceae 

Cruciptera M 

Palaeocarya LC?, M 
Lauraceae 

Laurocalyx LC 

Laurocarpum Le 
Magnoliaceae 

Magnolia LC, G, M 


Menispermaceae 


Atriaecarpum ING: 

Davisicarpum 1K e: 

Diploclisia LE 

Eohypserpa Le 

Palaeosinomenium LC, M 

Tinospora LC, M 

Tinomiscoidea he 
Palmae 

Sabal LEGEG: 
Rosaceae 

Prunus M 
Sabiaceae 

Meliosma LELGSM 
Sapindaceae 

Palaeoallophylus Ke 
Staphyleaceae 

Tapiscia LC, iG,iM 
Symplocaceae 

Symplocos LE 
Theaceae 

Cleyvera LE 
Vitaceae 

Vitis LC, M 

Ampelopsis Le 

Parthenocissus Le 
Incertae Sedis 

Carpolithus bellispermus EG 

Tripartisemen M 


LC = London Clay; G = Geiseltal; M = Messel. * See also Notes added in proof, p. 200. 


nus, and Quercus. The majority of extant genera of the 
Nut Beds flora are found today in other geographic 
regions. Table 4 and Text-fig. 7 show the distribution 
of Recent genera known from the Nut Beds in selected 
modern phytogeographic provinces (southeast Asia, 
Malesia, western North America, Central America, 
South America, Europe and Africa). Strongest ties are 
with Southeast Asia and Malesia. 

Within the Americas, the closest floristic ties are 
with eastern North America and with central America. 
Twenty-three genera, or 56% of the extant genera known 
from the Nut Beds, occur in eastern North America. 
Although most of these occur in other continents as 
well, Calycocarpum and Decodon are endemic to east- 
ern North America. Twenty-two genera, or 54%, live 
today in Central America. However, none of these are 
presently endemic to the region. Sabal/, distributed in 
the southeastern U.S. and tropical America, is one of 
the few genera of the Clarno assemblage that is limited 
to the New World in its present-day distribution. The 
genus was formerly more widespread, however, with 
Eocene records in Europe (e.g., Mai, 1976) and Asia 
(Huzioka and Takahasi, 1970). 

Twenty-four percent of the Nut Beds genera occur 


today in Europe, although none are endemic there. 
This percentage, although significantly less than those 
computed for the present-day floras of southeastern 
Asia, Malesia, southeastern North America and central 
America (Table 4), matches that presented above in 
comparing the Nut Beds flora with Early to Middle 
Eocene floras of Europe (24%). However the similarity 
of these values for Eocene and Recent flora of Europe 
probably is an artifact of the quantitative analysis. All 
152 genera, both extinct and extant, are included in 
the base number for comparing fossil assemblages, 
whereas only the 41 extant genera form the basis of 
comparison with the Recent flora. It is important to 
note that although 36 of the Nut Beds genera are shared 
with the Eocene flora of Europe, only ten are found in 
Europe today. Many of the extant genera shared be- 
tween the Clarno and the London Clay floras are now 
absent from Europe and are disjunct between Asia and 
eastern North America and/or central America, for 
example, Nyssa, Hydrangea, Symplocos; and others 
are endemic to southeastern Asia. 

The strongest geographic affinities are with south- 
eastern Asia (Indochinese Region, sensu Takhtajan, 
1986) and Malesia (Malesian Region, sensu Takhtajan, 
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Table 4.—Present geographic distribution of extant genera rep- 
resented in the Nut Beds flora. 


genus seAs Mal wNA eNA cAm sAm Eur Afr 

Actinidia X x 
Alangium X x Xx 
Ampelocissus x in x ? 
Ampelopsis X ? Xx 
Anamirta x X 
Aphananthe X X Xx x 
Bumelia Xx x X 
Calycocarpum 
Castanopsis x Xx Xx 
Celtis x Xx x x x Xx X x 
Cleyera X X 
Cornus X x x X x X x 
Decodon 
Diploclisia x x 
Emmenopterys x 
Ensete X x 
Hydrangea Xx X x Xx 
Todes Xx X 
Juglans x Xx X x X x 
Lindera x 2 X 
Magnolia X X Xx X 
Mastixia Xx x 
Meliosma x x Xx Xx 
Nyssa x x X Xx 
Pathenocissus X ¥ x x 
Pinus X x x x X x X X 
Platanus X x > X X 
Prunus xi x X X X 
Pyrenacantha X x 
Quercus X X X Xx X X 
Rhus X x Xx x x X Xx 
Sabal x Xx x 
Sabia x Xx 
Schisandra X X X 
Symplocos Xx X XG x X Xx 
Tapiscia Xx 
Taxus Xx x X x Xx X 
Tinospora x Xx Xx 
Torreya Xx us Xx Xx 
Trema x x x; x Xx 
Vitis x x x x X Xx 

Totals 37) 25 45 23 See 22 12 10 13 


seAs = Southeast Asia; Mal = Malesia; eNA = eastern North Amer- 
ica, sAm = South America; Eur = Europe; Afr = Africa. 


1986). Among Recent floras, the highest number of 
genera shared with the Nut Beds assemblage is found 
in eastern Asia. Thirty-seven genera, or 90%, are native 
to southeastern Asia. The flora of Malesia shares 25 
genera with the Nut Beds. Genera that are exclusively 
Asian or Malesian today include Actinidia, Mastixia, 
Anamirta, Sabia, Tapiscia. Although Meliosma occurs 
in central and South America as well as in Asia, four 
of the Nut Beds species conform most closely to sub- 
genus Meliosma, section Meliosma, which is exclu- 
sively oriental in its Recent distribution (Van Beuse- 
kom, 1971). The close floristic similarity with 
southeastern Asia and Malesia probably reflects the 


Genera 


Number of 


Region 


Text-figure 7.— Present geographic distribution of Extant Nut Beds 
genera. Abbreviations and data from Table 4. 


status of this area as a refugium for once-widespread 
thermophilic genera that could not withstand the ef- 
fects of climatic cooling and glaciation at the end of 
the Tertiary in other parts of the northern hemisphere. 


INTRODUCTION TO SYSTEMATIC 
PALEONTOLOGY 


New species and genera have been named according 
to procedures required by the International Code of 
Botanical Nomenclature (Greuter, 1988). In order for 
a new species to be validly published, the new name 
must be accompanied by a description or diagnosis 
(art. 32.1). Fossil plants are excluded from the require- 
ment that the diagnosis be written in Latin (art. 36.1). 
A new genus and species may be created, and the names 
of a genus and a species may be simultaneously vali- 
dated, by provision of a single description or diagnosis 
(art. 42.1). I have therefore given a combined generic 
and specific description for the many new, currently 
monotypic, genera presented here. Type and cited 
specimens are housed in the indicated museum col- 
lections. Specimens are cited as holotypes, paratypes, 
lectotypes and syntypes as defined in the Botanical 
Code of Nomenclature (Greuter, 1988). In addition, 
specimens that are nota part of the original description 
of species, but which are helpful in understanding the 
species may be designated hypotypes, as defined pre- 
viously in zoological (Schenk and McMasters, 1956) 
and paleobotanical (e.g., MacGinitie, 1953, p. 79) lit- 
erature. 

In naming species of fruits and seeds in this work, 
I have tended toward conservatism, and have probably 
erred more on the part of lumping than splitting. By 
contrast, I consider that the classic monographs on the 
London Clay flora (e.g., Reid and Chandler, 1933; 
Chandler, 1978) reflect a greater tendancy for taxo- 
nomic splitting. An important objective has been to 
document the major taxonomic groups represented, 
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thereby highlighting taxa available to the research com- 
munity for more detailed individual systematic inves- 
tigations. Many of the extant families and genera rec- 
ognized have never been analyzed by cladistic 
methodology, and may be in need of revision. In at- 
tempting to classify the entire fossil flora, however, it 
has been necessary to accept the taxonomic treatments 
currently available, rather than attempting to revise 
intrafamilial classifications. 

Species are assigned to a modern genus only when 
sufficient diagnostic characters are present to rule out 
affinities with other extant genera and/or families. Oth- 
er species are assigned to extinct, form, or stereotype 
genera according to the criteria set out on pp. 17-18. 

In paleobotanical literature, the generic name Car- 
polithus Schlotheim traditionally has been used as a 
catchall for fossil fruits and seeds of unknown system- 
atic affinities (Andrews, 1970). Different “species” of 
Carpolithus are often so different from one another that 
they probably represent different biological genera and 
families. I have given unique generic names to most 
of the form genera described from the Nut Beds but 
have placed an additional 21 taxa as unnamed species 
of Carpolithus. Thus, in comparing the generic diver- 
sity of different fossil localities, it is important to be 
mindful of the hidden diversity lurking under the name 
Carpolithus. It should also be noted that different spe- 
cies assigned to stereotype genera such as Laurocarpum 
and Anonaspermum may in reality represent different 
genera, but information from other plant organs would 
be required to determine the “real” generic diversity 
represented by such taxa. 

Although leaves and woods co-occur with the fruits 
and seeds at the Nut Beds locality, no actual attach- 
ments have been found, and the high floral diversity 
combined with the large allochthonous component of 
the flora makes it difficult or impossible to determine 
which of the woods, leaves and reproductive structures 
might be conspecific. Therefore, I have refrained from 
assigning the same epithet to different isolated organs. 
It is conceptually intriguing to reconstruct fossil ““whole- 
plant species” from their isolated organs; such recon- 
structions cannot be proven correct, however, unless 
there are specimens preserving direct attachment be- 
tween the organs. In some instances evidence of co- 
occurrence at numerous localities and shared modern 
familial affinity of isolated organs provides good evi- 
dence to infer that particular species of leaves and re- 
productive structures were perhaps produced by the 
same biological species, as in the case of the Clarno 
plane tree (Manchester, 1986). In the discussion ac- 
companying each family of fruit or seed recognized 
here, I indicate known records based on other organs 


from the Clarno Formation, recognizing that some of 
them could in reality represent the same biological 
species. 


ORGANIZATION 


The descriptive systematic section is organized into 
two parts: The first part includes genera that can be 
confidently assigned to extant plant families. These are 
arranged alphabetically by family, treating the gym- 
nosperms first, followed by the angiosperms. The sec- 
ond part treats genera of uncertain familial affinity, 
ordered alphabetically, followed by a numerical se- 
quence of species informally attributed to Carpolithus. 
Families have been organized alphabetically, rather 
than phylogenetically, because there is more agreement 
among botanists as to the sequence of the alphabet 
than to the best phylogenetic arrangement. Phyloge- 
netic schemes are subject to continual change and re- 
finement and, while clearly important in expressing 
current views of relationships, are cumbersome and 
unstable as indexing systems. Table 5 presents a phy- 
logenetically arranged list of the Nut Beds fruit and 
seed genera following, with some modification, the ar- 
rangement of Cronquist (1981). Unless otherwise in- 
dicated, the numbers for species diversity and the geo- 
graphic ranges of extant genera were obtained from 
Mabberley, 1989. 


TERMINOLOGY 


Geometric symmetry, in particular reflectional point 
symmetry (Lockwood and MacMillan, 1978), has 
proven very useful in describing the three-dimensional 
shapes encountered among fruits and seeds. An object 
is said to be bilaterally symmetrical if there is a single 
plane of mirror symmetry. Following the same logic, 
I have used the term quadrilaterally symmetrical when 
there are two planes of mirror symmetry. These two 
planes usually intersect at right angles along the long 
axis of the fruit. 

In describing the fossil seeds, I have generally used 
the term seed coat, rather than testa or tegmen, because 
the terms testa and tegmen have been used in a re- 
stricted sense that implies knowledge of ontogeny (Cor- 
ner, 1976; Schmid, 1986). Seed coat is a neutral de- 
scriptive term for the wall of the seed, whereas the 
terms tegmen and testa (sensu Corner, 1976) require 
an interpretation that is better left to discussion. Like- 
wise, for fruits, I have applied the term endocarp in a 
loose sense to refer to the hard, inner layer of the fruit, 
regardless of its ontogenetic derivation. It is this hard 
layer of the pericarp (fruit wall) that is most often 
preserved in the fossil specimens, although occasion- 
ally the meso- and exocarp are preserved. Cell layers 
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Table 5.—Systematic list of Nut Beds genera with known modern familial affinities. Angiosperms listed in phylogenetic sequence similar 


to that of Cronquist (1981). 


Gymnospermae 
Order Coniferales 
Family Taxaceae 
Genus Taxus 
Torreya 
Diploporus 
Family Pinaceae 
Genus Pinus 
Angiosperms 
Class Dicotyledonae 
Subclass Magnolididae 
Order Magnoliales 
Family Magnoliaceae 
Genus Magnolia, 3 spp. 
Family Annonaceae 


Genus Anonaspermum, 3 spp. 


Order Laurales 
Family Lauraceae 
Genus Lindera 
Laurocalyx 
Laurocarpum, 3 spp. 
Order Illiciales 
Family Schisandraceae 
Genus Schisandra 
Order Ranunculales 
Family Menispermaceae 
Genus Anamirta 
Atriaecarpum 
Calycocarpum 
Chandlera 
Curvitinospora 
Davisicarpum 
Diploclisia 
Eohypserpa 
Odontocaryoidea 
Palaeosinomenium 
Tinospora, 2 spp. 
Tinomiscoidea 
Thanikaimonia 
Family Sabiaceae 
Genus Meliosma, 5 spp. 
Sabia 
Subclass Hamamelidae 
Order Hamamelidales 
Family Platanaceae 
Genus Macginicarpa 
Platanus 
Tanyoplatanus 
Family Hamamelidaceae 
Genus Fortunearites 
Order Urticales 
Family Ulmaceae 
Genus Aphananthe 
Celtis, 2 spp. 
Trema 
Cedrelospermum 
Order Juglandales 
Family Juglandaceae 
Genus Juglans 
Cruciptera 
cf. Palaeocarya 
Paleoplatycarya? 
Order Fagales 
Family Fagaceae 
Genus Quercus 
Castanopsis 
Family Betulaceae 
Genus Coryloides 
Kardiasperma 
Subclass Dilleniidae 
Order Theales 
Family Actinidiaceae 
Genus Actinidia 


Family Theaceae 
Genus Cleyera 
Order Violales 
Family Flacourtiaceae 
Genus Saxifragispermum 
Order Ebenales 
Family Sapotaceae 
Genus Bumelia?, 2 spp. 
Family Symplocaceae 
Genus Symplocos 
Subclass Rosidae 
Order Rosales 
Family Hydrangeaceae 
Genus Hydrangea 
Family Rosaceae 
Genus Prunus, 2 spp. 
Order Fabales 
Family Leguminosae 
Genus Leguminocarpon 
Order Myrtales 
Family Lythraceae 
Genus Decodon 
Order Cornales 
Family Alangiaceae 
Genus Alangium 
Family Cornaceae 
Genus Cornus 
Langtonia 
Mastixia 
Mastixioidiocarpum 
Mastixicarpum 
Nyssa, 3 spp. 
Order Celastrales 
Family Icacinaceae 
Genus Paleophytocrene, 2 spp. 
lodes, 2 spp. 
Pyrenacantha 
Comicilabium 
lodicarpa, 2 spp. 
Order Rhamnales 
Family Vitaceae 
Genus Ampelocissus, 2 spp. 
Ampelopsis 
Parthenocissus, 2 spp. 
Vitis, 2 spp. 
Order Sapindales 
Family Staphyleaceae 
Genus Tapiscia 
Family Sapindaceae 
Genus Palaeoallophylus, 2 spp. 
Deviacer 
Family Burseraceae 
Genus Bursericarpum, 2 spp. 
Family Anacardiaceae 
Genus Pentoperculum 
Rhus 
Order Apiales 
Family Araliaceae 
Genus Paleopanax 
Subclass Asteridae 
Order Rubiales 
Family Rubiaceae 
Genus Emmenopterys 
Monocotyledons 
Subclass Arecidae 
Order Arecales 
Family Palmae 
Genus Sabal, 2 spp. 
Subclass Zingiberidae 
Order Zingiberales 
Family Musaceae 
Genus Ensete 
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may be described as uni-, bi-, or multiseriate, indi- 
cating the thickness of the layer in numbers of cells. 
The orientation of cells relative to the seed or fruit 
surface morphology may also be important. Cells are 
oriented anticlinally, if their long axes are perpendic- 
ular to the trend of the adjacent external or internal 
surface. Cells are oriented periclinally if their long axes 
are parallel to the trend of the adjacent external or 
internal surface. Periclinally oriented cells may at the 
same time be horizontally or vertically oriented with 
respect to the principal axis of the fruit or seed. 


MEASUREMENTS 


If a species is known from three or fewer specimens, 
then the individual measurements of each are listed in 
the description. If more than three are measured, then 
the range, mean (avg.) and standard deviation (SD) are 
presented followed by the number of specimens mea- 
sured (n). Broken specimens vary in completeness and 
sometimes provide only one or two of the three spatial 
dimensions (length, width and/or thickness), hence, the 
number of measurement indicated for length may dif- 
fer from those given for width and/or thickness. 


ABBREVIATIONS 


Specimen numbers are prefixed by the appropriate 
institutional abbreviation, indicating where the spec- 
imen is deposited. The largest collections are at the US 
National Museum (USNM), Washington D.C. and the 
Florida Museum of Natural History, Gainesville (UF). 
Additional smaller collections were studied at the Uni- 
versity of California Museum of Paleontology, Berke- 
ley, California (UCMP), the University of Michigan 
Museum of Paleontology, Ann Arbor, Michigan (UM), 
Harvard University, Cambridge, Massachusetts (HU), 
the Burke Memorial Washington State Museum, Uni- 
versity of Washington, Seattle (UWBM), and the Or- 
egon Museum of Science and Industry, Portland 
(OMSI). Reference is also made to fossils from other 
localities deposited at the Natural History Museum, 
London (BM) and the Peabody Museum of Yale Uni- 
versity, New Haven (YPM) and to extant seeds from 
the National Seed Herbarium of the Beltsville Agri- 
cultural Research Center, Beltsville, Maryland (BARC), 
the herbaria of the Smithsonian Institution, Washing- 
ton, DC (US), Missouri Botanical Garden (MO), Riyk- 
sherbarium, Leiden (L), University of Florida (FLAS) 
and the Arnold (A) and Gray (GH) herbaria of Harvard 
University, Cambridge, Massachusetts. 

The authors’ names for families, genera and species 
are presented at the first occurrence in the text, and 
may be abbreviated. Standard abbreviations for the 


names of botanists are presented in Mabberley (1989, 
pp. 661-706). 

In the plate captions, the abbreviations preceding 
the magnification refer to techniques used in photog- 
raphy. “PC”, or palladium-coated, is indicated for 
specimens that were coated to enhance reflected light 
microscopy (see materials and methods). ““TL” refers 
to transmitted light microscopy, and “RL” to reflected 
light micrography, while “SEM” denotes scanning 
electron microscopy. When not specified, specimens 
were photographed by reflected light, generally with 
the light source from the upper left and lower right. 


Family PINACEAE Lindley 
Genus PINUS L. 


Pinus sp. 
Plate 1, figures 6-9 


Description.— Pollen cone elongate, with central axis 
1.2 mm thick surrounded by numerous helically ar- 
ranged sporophylls, about 30 sporophylls per cycle; 
cone width 5.2 mm, length more than 12 mm (speci- 
men incomplete); lower part of cone with a bulge formed 
by large curved scales 4.5—5.5 mm long; sporophylls 
1.5-1.8 mm long, thickened and upcurved distally; 
pollen sacs paired, abaxial on each sporophyll, 0.7—0.8 
mm long. 

Specimen.— UF 9334. 

Discussion.— Although no seeds of Pinus have been 
identified from the Nut Beds, the genus is represented 
by wood fragments, dispersed pollen, and by a pollen 
cone. The pollen cone, described above, is known from 
a single specimen preserved in siltstone from the upper 
part of Face | of the Nut Beds (PI. 1, fig. 6). Sectioned 
longitudinally (Pl. 1, figs. 7-9), the specimen shows the 
arrangement of microsporophylls typical of Pinaceae. 
The pollen itself is poorly preserved, possibly imma- 
ture. Similar pollen cones (PI. 1, fig. 3), preserved as 
compressions, occur in association with foliage of a 
5-needle pine and seeds of the articulate type (Pl. 1, 
figs. 4, 5) at the West Branch Creek locality of the 
Clarno Formation. Although the single specimen from 
the Nut Beds is broken so that the full length cannot 
be determined, comparison with the West Branch Creek 
specimens indicates a length of about 4 cm. Abraded 
pinaceous seed cones also occur in the Nut Beds (e.g., 
Pl. 1, fig. 2), but because of poor preservation, they 
have not been identified to genus. 


Family TAXACEAE Gray 


The Taxaceae, or yew family, has five extant genera 
and about 20 species of trees and shrubs (Price, 1989). 
Although the family is well documented by foliage of 
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various genera in the Tertiary of Europe and North 
America, reports based on seeds are rare. Three genera 
of taxaceous seeds occur in the Nut Beds: Taxus, Tor- 
reya, and a new extinct genus, Diploporus. A single 
taxaceous leaf, with cuticle corresponding to that of 
Torreya, was recovered from the White Cliffs locality 
of the Clarno Formation. The leaf is noteworthy for 
its large size: 70 mm long, 7 mm wide. 


Genus TAXUS L. 


Taxus masonii sp. nov. 
Plate 2, figures 1-11 


Etymology.—This species is named for Herbert L. 
Mason, in recognition of his pioneering investigations 
of fossil conifers from western North America. 

Description.—Seed bilaterally symmetrical, lentic- 
ular in cross-section, nearly elliptical in face view, base 
truncate, apex keeled; length 4.3-6.2, avg. 5.3 mm 
(SD=0.53, n=10), width across plane of symmetry 4.5— 
5.6, avg. 4.9 mm (SD=0.34, n=10), thickness 3.3-4.0, 
avg. 3.7 mm (SD=0.28, n=10), length/width ratio 1.0- 
1.1; basal truncation perpendicular to central axis of 
seed, elliptical with a pair of small circular vascular 
scars; apical keel slightly arched as viewed from above, 
with a central micropylar scar; seed coat about 250- 
300 um thick, composed of isodiametric cells 25-60 
um in diameter; two vascular strands, one along each 
side in the dorsiventral plane, arising from the basal 
truncation and passing into the seed cavity in the lower 
Ys of the seed. 

Specimens.— Holotype: USNM 355474. Paratypes: 
UCMP 10622, UF 6643, 6644, 9474-9478, 9801, 9802, 
USNM 354997, 354998, 355000, 355406. 

Discussion.— Taxus is represented by permineral- 
ized seeds from the Nut Beds that are readily recog- 
nized by their lensoid cross section, keeled apex and 
truncate base (Pl. 2, figs. 1-8). The pointed end rep- 
resents the micropyle, and the basal truncation cor- 
responds to attachment of the aril with the seed. The 
pair of vascular scars on the basal truncation (Pl. 2, 
figs. 7, 8) are diagnostic for the genus. Although extant 
Taxus seeds may vary from two- to three-fold sym- 
metry, these fossil seeds are nearly all bilaterally sym- 
metrical. The morphology and vascular supply of the 
seed, as seen in serial transverse sections (PI. 2, figs. 
9-11), is very similar to that observed in extant species 
(Dupler, 1920). 

Taxus grows today in central Malesia and Mexico 
as well as in north temperate areas. The genus has also 
been confirmed from the Oligocene and Miocene of 
eastern Europe through careful study of cuticularly pre- 
served leaves (Kvacek, 1982). 


Genus TORREYA Arn. 


Torreya clarnensis sp. nov. 
Plate 2, figures 12-16; Text-figure 8A 


Etymology.—The epithet clarnensis refers to the 
Clarno Formation, source of the specimens. 

Description.—Seed bilaterally symmetrical, obovate 
in face view, fusiform in lateral view, elliptical in trans- 
verse section; length 19.5—20.8 mm, width 10.7-11.3 
mm, thickness across the dorsiventral plane 9.5—9.6 
mm, length/width ratio 1.7-1.9; base acute-rounded, 
apex rounded in face view, acute in lateral view, with 
the dorsal and ventral faces meeting to form a keel in 
the apical 4 of the seed; micropylar scar at the mid- 
point of the apical crest; two circular vascular scars 
situated in the dorsiventral plane, one on either side 
of the seed; the vascular scars positioned at the level 
of greatest seed width, about 4 of the length from the 
apex. 

Specimens.— Holotype: UF 6510. Paratypes: USNM 
353966, 422380. 

Discussion.— Torreya clarnensis is represented only 
by a few specimens but they present enough characters 
to establish firmly the affinities with extant Torreya. 
The apical keel, the pair of pores (vascular scars) pierc- 
ing the seed coat near the apex in the dorsiventral plane 
(Pl. 2, fig. 13), and the narrowed, acute-rounded base 
are characters diagnostic of the extant genus. The pair 
of vascular pores are closer to the apex (Text-fig. 8A) 
than they are in Diploporus (Text-fig. 8D), but not as 
close to the apex as in the extant species of Torreyva 
(Text-figs. 8B, C). 

Torreya 1s a genus of trees with five extant species 
distributed in North America and eastern Asia. The 
North American species are restricted to a few sites in 
California and northwestern Florida. The Asian spe- 
cies are limited to an east-west belt extending from 
Honshu over the Yang-tse valley to eastern Burma. 
The genus has also been recognized on the basis of 
upon fossil foliage from the Late Eocene Florissant and 
Oligocene Bridge Creek floras (MacGinitie, 1953), and 
from Oligocene and Miocene localities Europe (Kva- 
éek, 1982). 


Genus Diploporus gen. nov. 


Etymology.— Diplo (Gr = twofold) + poros (Gr = 
hole, passage) referring to the pair of vascular scars in 
the seed coat. 

Generic diagnosis.—Seed subovoid, base rounded, 
apex wedge-shaped; apical keel slightly arched as viewed 
from above, with a central micropylar scar; seed coat 
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Text-figure 8.—Seeds of Taxaceae in face view and lateral view, showing apical keel and variable position of the pair of vascular pores in 
the seed coat. A, Torreya clarnensis sp. noy., with pores positioned about '4 of seed length below apex. B, 7. grandis Fort. from Kuling, 
China, showing pointed base, apical pores. C, 7. taxifolia Arn. from northwestern Florida showing apical pores. D, Diploporus torreyoides 
sp. nov., showing apical keel, pair of pores in the lower half, rounded base. Scale bar = | cm. 


pierced by a pair of circular vascular scars, one on each 
side in the dorsiventral plane at, or slightly below, the 
equator. 

Type species.—Diploporus torreyoides sp. nov. 


Diploporus torreyoides sp. nov. 
Plate 3, figures 1-16; Text-figure 8D 


Etymology.—The epithet refers to similarity with 
seeds of extant Torreya. 

Description.—Seed bilaterally symmetrical, subo- 
void, ovate to circular in face view, pyriform in lateral 
view, wide-elliptical in transverse section; length 6.7— 
8.0, avg. 7.9 mm (SD=0.5, n=25), width 5.4-8.0, avg. 
6.9 mm (SD=0.6, n=25), thickness 3.6-7.0, avg. 5.8 
mm (SD=0.78, n=25), length/width ratio 1.0-1.3; base 


rounded; apex rounded in face view, angled in lateral 
view, with the dorsal and ventral faces meeting to form 
a sharp crest in the apical 3 of the seed with a central 
micropylar scar; two circular vascular pores situated 
in the dorsiventral plane, one on either side of the seed, 
positioned at the level of greatest seed width, about ' 
to 74 of the length from the apex; aril preserved in some 
specimens, completely covering seed, |.0—1.5 mm thick, 
outer surface of aril with numerous short longitudinal 
grooves; seed coat smooth; embryo straight, 1.0 mm 
in diameter, 6.4 mm long, aligned with the central axis 
of the seed. 

Specimens.— Holotype: UF 8542. Paratypes: UF 
8501-8541, USNM 355072 (2 specimens), 355471, 
355479, 355481 (9 specimens), 355489 (17 speci- 
mens), 424744, 424745, 435098, OMSI Pb217, 
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Pb1348, internal casts; UF 6531, 9587, 9803, 9804, 
USNM 355569, 446078, specimens with intact seed 
coat and aril. 

Discussion.— Represented by more than 75 speci- 
mens, this species is among the more common fossils 
from the Nut Beds, and is particularly abundant near 
the top of Face 3. Most specimens are smooth-sur- 
faced, representing internal molds of the seed coat (PI. 
3, figs. 9-12); a few possess an additional outer layer 
about one mm thick with a wrinkly external surface 
(Pl. 3, figs. 1-8). This outer layer is poorly preserved 
anatomically but apparently represents the aril. Salient 
features of these fossils are the rounded base, keeled 
apex and the pair of conspicuous pores, one on either 
side in the dorsiventral plane (PI. 3, figs. 6, 8, 11-13). 
Longitudinal and transverse sections reveal a slender 
cylindrical embryo (PI. 3, figs. 14-16) that is medial 
within the seed. 

Diploporus is interpreted as an extinct genus of Tax- 
aceae based upon several important similarities with 
Taxus and Torreya, including the pair of vascular bun- 
dles, the central linear embryo and the apical keel that 
is slightly arched as viewed from above, with a central 
micropylar scar. The seed base is rounded, however— 
not truncate as in 7axus, and not pointed asin Jorreya. 
The tissue surrounding the embryo within the seed 
cavity is cellularly preserved in many of the specimens, 
and has a speckled appearance (PI. 3, figs. 14-16) like 
that of Torreya. Diploporus seeds are larger than those 
of Taxus and smaller than those of Torreya. The pair 
of vascular pores in the dorsiventral plane corresponds 
to those seen in Jorreya, but in the fossil these scars 
are positioned at or slightly below the equator, rather 
than near the apex (Text-fig. 8). 

Seeds of this morphology have not, to my knowl- 
edge, been described from the Tertiary before, and it 
is of some interest to confirm the presence of extinct 
Taxaceae surviving into the Tertiary. As this manu- 
script was going to press, I noticed an apparent close 
similarity of this genus to the Cretaceous genus Vesquia 
Bertrand from the Wealden Formation of Belgium (AI- 
vin, 1960). Although I have not seen specimens of 
Vesquia, the genus was described in good detail and 
illustrated with line drawings (on the basis of two well 
preserved liginfied seeds) by Alvin (1960). Vesquia seeds 
are similar in size and shape to those Dip/oporus, with 
a corresponding pair of pores (“two formamina’’) in 
the lower half. However, the specimens of Vesquia are 
more globose and appear to lack an apical crest. In 
addition, the basal surface of the Vesquia seeds have 
a pair of grooves leading to the foramina, which are 
not seen in Diploporus. Vesquia is also considered to 
belong to the Taxaceae and, among extant genera, com- 


pares most closely to Torreyva (Alvin, 1960). It is pos- 
sible that additional work may reveal that the Clarno 
taxon is a hold-over from the Mesozoic. Indeed, both 
of the living genera, Torreya and Taxus, are believed 
to extend back to the Jurassic (Florin, 1958; Harris 
1976). 


Family ACTINIDIACEAE Hutch. 


This family includes four modern genera: Clema- 
toclethra, Sladenia, Saurauria and Actinidia. The lat- 
ter, which provides the kiwi fruit of commerce, is the 
best known. Saurauria has been reported on the basis 
of leaves from the middle Eocene of Alaska (Wolfe, 
1977) and Wyoming (MacGinitie, 1974). Seeds as- 
signed to the fossil genus Pasternackia (described, p. 
104) are similar to those of Saurauria, although affin- 
ities remain uncertain. The following constitutes the 
first recognition of Actinidia from the North American 
fossil record. 


Genus ACTINIDIA Lindl. 


Actinidia oregonensis sp. nov. 
Plate 4, figures 1-4 


Etymology.—The epithet refers to the state of Ore- 
gon. 

Description.—Seed bilaterally symmetrical, anatro- 
pous, elongate-elliptic in face view, laterally flattened, 
keeled in the plane of symmetry, lensoid in cross sec- 
tion; length 3.2-4.4, avg. 3.8 mm (SD=0.46, n=S), 
width 2.2—3.0, avg. 2.5 mm (SD=0.29, n=7), thickness 
1.0-1.1, avg. 1.1 mm (SD=0.05, n=7); base with ob- 
tusely pointed micropyle and laterally adjacent hilum, 
apex rounded; seed coat ca. 0.1 mm thick, surface re- 
ticulate, made up of thick-walled, polygonal (five- to 
seven-sided), isodiametric cells 190 to 240 um de- 
creasing in size toward the raphe and antiraphal edges 
of the seed; 15-20 cells wide in face view. 

Specimens.—Holotype: UF 6292. Paratypes: UF 
6293, 6294, 6498, 8580, 9218, USNM 355370. 

Discussion.— This species is represented by chalced- 
ony seed casts. The distinctive reticulate surface of 
these fossil seeds (PI. 4, figs. 1-4) matches that 1n extant 
Actinidia seeds, where the outer layer of the seed coat 
is formed by polygonal cells with strongly thickened 
lateral walls. This surface ornamentation, combined 
with seed shape, and position of the hilum and micro- 
pyle, confirms the identification of these fossils as Ac- 
tinidia. 

Actinidia is a genus of about 30 species of climbers 
distributed in Indomalesia and eastern Asia. Although 
this is the first report of fossil Actinidia from North 
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Text-figure 9.—Transverse sections of Alangium endocarps from 
the Nut Beds. A, 4. evdei sp. nov., showing relatively thin endocarp 
wall, and one locule somewhat larger than the other. B, 4. rotun- 
dicarpum sp. nov., showing thick walls, and locules equal in size. 


America, seeds of the genus occur from the upper Oli- 
gocene to Pliocene of Europe (Kirchheimer, 1957; Do- 
rofeev, 1963; Mai and Walther, 1978; Friis, 1985). 

Actinidia oregonensis seeds are large in comparison 
to the four extant species that I have seen (4. arguta 
Franch. et Sav., 4. callosa Lindl., A. chinensis Planch., 
A. strigosa Hook. f. et Thoms.). Whereas the fossils 
average about 4 mm in length, the extant species ex- 
amined, and most of the European fossil specimens, 
are about 2 mm long. Actinidia seeds from the Pliocene 
of the Netherlands, however, range from 1.8 to 4 mm 
long (Kirchheimer, 1957). Kirchheimer (1957) placed 
all of the European specimens in a single fossil species, 
A. foveolata Reid and Reid, but Friis (1985) stated that 
the type material of 4. foveo/ata is larger than the Dan- 
ish and Polish material and has a greater number of 
cell rows across the width of the seed. 


Family ALANGIACEAE DC. 


The Alangiaceae are a tropical family with one genus 
and about 20 living species in Africa and from China 
to Australia. d/angium grows as a tree, less often as 
shrubs or lianas. The genus has an excellent fossil rec- 
ord in Europe and North America (Eyde, Bartlett and 
Barghoorn, 1969; Mai, 1970). Although allied to the 
Cornaceae, and placed in the Cornales by Cronquist 
(1981), Alangium differs by the presence of laticifers 
and alkaloids (Eyde, 1988). The genus is divided into 
four sections that are distinguished on the basis of style, 
stigma, stamen, floral vascular system and endocarp 
characters (Eyde, 1968). The paleogeographic history 
of Alangium is reviewed by Krutzsch (1989). 

The Nut Beds flora includes two species of Alangium 
based upon fruits. Silicified wood of this genus is also 
known from the Nut Beds (Scott and Wheeler, 1982). 


Based upon the presence of scalariform perforation 
plates, small intervascular pits and long vessel ele- 
ments, Scott and Wheeler (1982) determined that 
Alangium oregonensis wood conforms to Metcalfe and 
Chalk’s (1950) “‘group A” (4. javanicum type), and 
differs from “group B” (4. chinense type). This obser- 
vation is of interest because the fruit morphology of 
the species considered below corresponds closely to 
that of extant 4. chinense Rehder. 


Genus ALANGIUM Lam. 


Alangium eydei sp. nov. 
Plate 4, figures 5-14, Text-figure 9A 


Etymology.—This species is named for the late 
Richard Eyde, in recognition of his contributions in 
understanding the morphology of living and fossil 
Alangium and other Cornales. 

Description.—Endocarp bilocular, ovate in face view, 
laterally compressed in the plane of septum; base 
rounded, apex obtuse-pointed; length 4.9-10.3, avg. 
7.7 mm (SD=1.7, n=13), width 5.1-7.6, avg. 6.3 mm 
(SD=0.75, n=11), thickness 3.2-6.4, avg. 4.3 mm 
(SD=0.75, n=15); one locule slightly smaller than the 
other; each locule with a single seed; endocarp surface 
relatively smooth with faint broad ridges: position of 
the septum marked on the exterior of the endocarp by 
a peripheral furrow between the two carpels; septum 
ca. 0.4 mm thick, containing six to eight canals that 
radiate in the median plane and terminate before 
reaching the edge of the endocarp, forming an asterisk 
pattern; endocarp wall ca. 0.5 mm thick, made up of 
isodiametric polygonal sclereids 17—30 um; locule lin- 
ing uniseriate, 17.5 um thick, composed of cuboidal 
sclereids. 

Specimens.— Holotype: USNM 424646, endocarp. 
Paratypes: HU 60003, 60004, UCMP 10710, UF 6311, 
6508, 6645, 6646, USNM 354012-354015, 354016 (2 
specimens), 354018, 354019, 354045, 422393, 424645, 
446073, endocarps; UF 9479, USNM 354020, septal 
canal casts; USNM 354017 (20 specimens), isolated 
locule casts. 

Discussion.— Alangium eydei is represented in the 
Nut Beds by occasional endocarp casts (PI. 4, figs. 5— 
8) and permineralizations (PI. 4, figs. 1 1-12). The latter 
may be sectioned to reveal internal morphology and 
anatomy (PI. 4, fig. 13). Frequently all that remains of 
the endocarp is a carbonaceous powder that disinte- 
grates in the field, leaving the two chalcedony locule 
casts side by side, resembling a sandwich (PI. 4, figs. 
9, 10). Sometimes star-shaped chalcedony casts of the 
canals within the septum are recovered (PI. 4, fig. 14) 
but the most common remains of Alangium in the Nut 
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Beds collections are isolated silica locule casts, pre- 
served as thin, elliptical wafers with a faint stellate 
impression on one side corresponding to the septal 
canals. 

This species, like most of those known from the 
Tertiary (Eyde, Bartlett and Barghoorn, 1969; Mai 
1970), corresponds to section Marlea of extant Alan- 
gium in having a bilocular, thick-walled endocarp. Eyde 
(1968) noted that the extant species of this section can 
be arranged in a sequence to show the gradual loss of 
one of the carpels. In Alangium kurzii Craib the locules 
are more or less equal in size, whereas in A. platani- 
folium (S. et Z.) Harms, 4. alpinum W. Smith et Cave 
and 4. rotundifolium (Hassk.) Bloemb. one of the car- 
pels is much smaller than the other, often with a tightly 
closed abortive locule, and in A. griffithii, only one 
carpel is evident. The fossil closely resembles 4. chi- 
nense Rehder in having one locule smaller than the 
other (Text-fig. 9A) , but with both locules fertile. Eyde 
(1968, fig. 3h) illustrated a transverse section of an 
endocarp of extant 4. chinense that is almost identical 
to that seen 4. eydei (PI. 4, fig. 13). The smaller of the 
two carpels generally is at least 80% of the size of the 
larger carpel both in the fossil and in A. chinense. 

Alangium eydei bears a close resemblance to A. jen- 
kensii Chandler (1961b) from the London Clay, al- 
though the largest of the Nut Beds specimens 1s slightly 
smaller than the single London Clay specimen. Al- 
though 4. jenkinsii clearly belongs to A/angium, Chan- 
dler (1961b) noted that ‘“‘owing to the poor condition 
of the single specimen it is difficult to define specifi- 
cally.” A. vermontanum Eyde et Barghoorn from the 
Oligocene Brandon Lignite of Vermont (Eyde, Bartlett 
and Barghoorn, 1969) differs from A. eyvdei in having 
a much more reduced smaller locule, and in the retic- 
ulate sculpture of the ventral side of the larger locule. 
The Clarno fossil differs from 4. dubium (Unger) Mai 
from the Miocene of central Europe (Mai, 1970, p. 
474) in the lack of transverse ridges on the endocarp 
surface. 


Alangium rotundicarpum sp. nov. 
Plate 4, figures 15, 16, Text-figure 9B 


Etymology.— Rotundus (L = circular, round), + kar- 
pos (Gr = fruit), referring to the rounded outline re- 
sulting from thick wall of the endocarp. 

Description.—Endocarp subglobose, bilocular; length 
8.5 mm, width 7.2 mm, thickness 7.7 mm; locules 
approximately equal in size, each with a single seed; 
position of the septum marked at the endocarp surface 
by a peripheral furrow between the two carpels; septum 
0.5 mm thick, containing six to eight canals that radiate 
in the median plane and terminate before reaching the 


edge of the endocarp, forming an asterisk pattern; en- 
docarp wall 2.75 mm thick dorsally and ventrally, thin- 
ner laterally, made up of isodiametric to anticlinally 
elongate sclereids, 40-150 um in diameter; locule lin- 
ing not well preserved, 30 um thick. 

Specimen.— Holotype: USNM 435005. 

Discussion.— This species, known from a single per- 
mineralized specimen, differs from 4. eydei in its glo- 
bose endocarp (PI. 4, fig. 15) with thick lateral walls 
and in the equivalent size of the two locules (Text-fig. 
9B). Although the exterior surface of the endocarp is 
not preserved, the intact portion is about five times 
thicker than the complete wall of A. evdei. Transverse 
sectioning revealed that the locules of 4. rotundicar- 
pum are approximately equal in size (PI. 4, fig. 16), in 
contrast with the unequal development of locules in 
A. eydei (Pl. 4, fig. 13). The endocarp includes anti- 
clinally elongate sclereids, whereas those of A. eydei 
are more or less isodiametric. In size of the endocarp 
and unusually thick endocarp wall, this species resem- 
bles A. Arutzschii Mai from the middle Eocene Gei- 
seltal flora of Germany (Mai, 1970); the locules of that 
species, however, are much smaller. 


Family ANACARDIACEAE Lindley 


The Anacardiaceae, or sumac family, includes about 
70 extant genera of tropical to temperate distribution 
including trees, shrubs and lianas, and is divided into 
five tribes: Anacardieae (eight genera), Spondiadeae 
(17 genera), Rhoeae (40 genera), Semecarpeae (five 
genera), Dobineeae (one genus). The Spondiadeae, 
characterized by drupes with hard, often multilocular, 
stones having oval germination apertures, is well rep- 
resented in the fossil record, with records of both extant 
and extinct genera in the early Tertiary of Europe (Reid 
and Chandler, 1933; Collinson, 1983) and North 
America. 

The Anacardiaceae are represented in the Nut Beds 
flora by at least two genera of fruits: Rhus, of the tribe 
Rhoeae, and the extinct genus Pentoperculum of the 
tribe Spondiadeae. In addition, the fruit described 
herein as Pistachioides (p. 105) resembles that of extant 
Pistachia, and might also belong to the Anacardiaceae. 
Anacardiaceous woods from the Nut Beds include 
Tapirira (tribe Spondiadeae; Manchester, 1977), and 
at least one additional genus remaining to be described 
(S. R. Manchester, unpublished). 


Genus PENTOPERCULUM gen. nov. 


Etymology.— Penta (Gr = five) + operculum (L = 
lid), referring to the five germination valves of the fruit. 

Type species.—Pentoperculum minimus (Reid et 
Chandler), comb. nov. 
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Pentoperculum minimus (Reid et Chandler) 
comb. nov. 
Plate 5 figures 1-17 


Dracontomelon minimus Reid et Chandler 1933, p. 302, pl. 13, figs. 
20-24. 


Description.—Endocarp subglobose to more or less 
oblate, five-(rarely four- or six-) carpellate, roundly 
pentangular (rarely quadrangular or hexagonal) in 
transverse section, length 4.4-6.5, avg. 5.7 mm 
(SD=0.49, n=23), equatorial diameter 4.5-8.5, avg. 
6.8 mm (SD=0.89, n=24), length/equatorial diameter 
ratio 0.74-1.11, avg. 0.90, widest at the equator; base 
round to flat with a slight depression ca. 1 mm in 
diameter at the extreme base, apex rounded; locules 
five (rarely four or six), single-seeded, radially ar- 
ranged, vertically elongate, 3.5—5.0 mm long, 1.5—2.1 
mm wide, 2.1—3.3 mm in dorsiventral dimension; each 
locule with a convex, dorsal-apical, germination valve, 
resulting in five (rarely four or six) elliptical bulges at 
the surface of the endocarp extending from the equator 
almost to the apex; germination valves 440 um thick, 
two-partite with a median longitudinal slit of shutter- 
like splitting; lacunae alternating with the locules at 
the equator of the fruit corresponding in position to 
the exterior angles of the fruit; these lacunae about as 
wide as the locules, but shorter both dorsiventrally and 
axially; central axis of the fruit with a cylinder of vas- 
cular tissue extending from base spreading and dissi- 
pating apically; endocarp wall and septa composed of 
isodiametric sclereids 28—45 um in diameter with in- 
terspersed tracts of fibers; locule lining 25-30 um thick, 
composed of horizontally aligned fibers, these fibers 7 
um in diameter and at least 10 um long. 

Specimens.—UCMP 10633, UF 5708-5711, 6608- 
6610, 10634, UM 31604, USNM 312762 (Bones, 1979, 
pl. 3, fig. 6), 353967 (10 specimens), 353969, 422390, 
424851, 435106-435114, endocarps, UCMP 10635- 
10637, UF 6664-6671, 9317, 9736 (100 specimens), 
USNM 435115 (7 specimens), isolated locule casts. 
Holotype: BM v22546 from the London Clay. 

Discussion.—Specimens of Pentoperculum are pre- 
served in the Nut Beds as white chalcedony casts of 
the endocarp and as permineralized endocarps with 
intact seeds. Most specimens are pentalocular (e.g., Pl. 
5, figs. 1, 2, 8), although two specimens are four-loculed 
(e.g., Pl. 5, fig. 15) and three are six-loculed (USNM 
435107-435109). In some cases the endocarp has dis- 
integrated leaving a cavity in the matrix with protrud- 
ing chalcedony locule casts. Isolated locule casts are 
common (PI. 5, figs. 5, 6). Because the fossil does not 
correspond precisely to any living genus, the new ge- 
neric name Pentoperculum is established to accom- 
modate this species. Pentoperculum minimus was a 


widespread species that occurred in the Eocene of Hun- 
gary (Kovacs, 1957), as well as England (Reid and 
Chandler, 1933) and western North America. 

This species was first recognized on the basis of pyr- 
itized endocarps and locule casts from the London Clay 
flora (Reid and Chandler, 1933), an example of which 
is included in PI. 5, fig. 14. The Nut Beds specimens 
are indistinguishable both in external and internal 
morphology from the type material. Reid and Chan- 
dler (1933) demonstrated similarities to the extant ge- 
nus Dracontomelon, and their work confirmed affini- 
ties with the tribe Spondiadeae. However, new 
observations based upon sections of the fossil and ex- 
tant endocarps indicate significant differences between 
Pentoperculum and Dracontomelon. Contrary to the 
interpretation of Reid and Chandler (1933), serial sec- 
tions (e.g., Pl. 5, figs. 9, 10) indicated that the lacunae 
are not linked to peripheral apertures in the fossil, a 
condition considered diagnostic of the extant genus. 
The fossil fruits are more symmetrical than those of 
Dracontomelon, with more or less equal development 
of locules. In addition, the fossil endocarps are much 
smaller than those of the living species of Draconto- 
melon. In contrast to Dracontomelon, in which each 
of the locules opens by the ‘uncorking” of an undi- 
vided apical plug (Hill, 1933), the locules of Pento- 
perculum open by means of a bipartite operculum (PI. 
5, fig. 8). 

Various modes of germination occur in the fruits of 
the Spondieae and are described in detail by Hill (1933, 
1937). The apertures of Pentoperculum appear to have 
had shutter-like valves similar to those observed in 
Haematostaphis (Hill, 1933) and Pseudospondias (Hill, 
1937). In these genera, “the lid separates into two equal 
halves which are pushed apart and thrown aside by the 
radicle as it emerges” (Hill, 1933, pp. 881-882). 


Genus RHUS L. 


Rhus rooseae sp. nov. 
Plate 6, figures 1-8 


Etymology.—This species is named after Carrie L. 
Roose, recognizing her helpful assistance and support 
of this project. 

Description.—Fruit bilaterally symmetrical, subel- 
liptic, unilocular, laterally flattened in the plane of 
symmetry, transversely elliptic in cross section, base 
and apex obtuse-rounded; width greater than height; 
height 3.3-4.3, avg. 3.8 mm (SD=0.29, n=8), width 
4.2-5.1, avg. 4.7 mm (SD=0.4, n=5), thickness 1.5- 
2.0, avg. 1.8 mm (SD=0.25, n=9); mesocarp with 25- 
30 prominent longitudinal vascular bundles; endocarp 
surface smooth, shiny, with a circular funicular de- 
pression in the plane of symmetry, and a slight bulge 
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on the opposite side; endocarp wall 400 um thick, com- 
posed of three layers: inner layer 250 um thick, uni- 
seriate, composed of anticlinally oriented columnar 
cells 250 wm high and 20-30 um wide; the next layer 
much thinner, also uniseriate, 33 «m thick, composed 
of rectangular cells typically 45 um wide; the overlying 
layer uniseriate, composed of columnar cells similar 
to the first, but only 80 um thick, capped by a uniseriate 
to triseriate layer of rectangular cells. 

Specimens.— Holotype: USNM 355036. Paratypes: 
UF 9350-9352, 9417-9422. 

Discussion.—Sumac fruits, Rhus rooseae, typically 
are preserved in the Nut Beds as translucent, silicified 
endocarps. The prominent columnar cell construction 
is exhibited both in fractured specimens by SEM (PI. 
6, figs. 5, 6) and with transmitted light in thin sections 
(Pl. 6, fig. 8). Only one specimen, designated the ho- 
lotype, has the mesocarp intact showing the prominent 
longitudinal vascular bundles (PI. 6, figs. 1-3). 

Fruit and seed morphology of Rhus are reviewed by 
von Teichman and Robbertse (1986). R. rooseae shares 
many characters with extant Rhus including lateral 
compression in the plane of bisymmetry, width greater 
than height, longitudinal vascular bundles forming ribs 
in the mesocarp, and endocarp comprised of two or 
more layers of anticlinally elongate columnar cells. Al- 
though Rhus has been reported commonly on the basis 
of leaves from the North American Tertiary, this is the 
first North American report based upon fruits. The 
genus has also been documented on the basis of fruits 
similar to extant Rhus toxicodendron L. from the Mid- 
dle Miocene of Denmark (Friis, 1979). The Danish 
fossil differs from R. rooseae in possessing only about 
12, rather than 25-30, longitudinal ribs. 


Family ANNONACEAE Juss. 


The Annonaceae are a family of trees, shrubs and 
lianas with about 128 living genera and 2050 species. 
The family is mostly tropical, with the exception of 
few genera that extend into temperate regions. Three 
species of Annonaceae can be identified from the Nut 
Beds on the basis of internal molds of the seed coat, 
showing the characteristic ruminate endosperm. 


Genus ANONASPERMUM Ball 
emend. Reid et Chandler 


Reid and Chandler (1933) emended the fossil genus 
Anonaspermum Ball to accommodate anatropous seeds 
with ruminate endosperm of the various types found 
in the family Annonaceae, and with an encircling band 
of fibers formed by the raphe and chalaza, which di- 
vides the seed into more or less symmetrical halves, 
with the hilum terminal. Most of the fossils that have 
been attributed to this genus are internal molds of the 


seed coat, or endosperm casts, with the seed coat miss- 
ing. Distinctive surface patterns result from the con- 
figuration of the ruminate endosperm. 

The Clarno specimens of 4nonaspermum have been 
segregated into three species using criteria similar to 
those used in distinguishing London Clay species. 
Fourteen species of Anonaspermum were described 
from the London Clay (Reid and Chandler, 1933; 
Chandler, 1961b; summarized, Collinson, 1983), based 
upon differences in seed shape, pattern of ridges in 
endosperm, and nature of the encircling fiber band. As 
noted by Collinson (1983, pp. 73-74), ‘““Many different 
fossil forms may be recognized but it is very difficult 
to relate these to living genera. Similar endosperm pat- 
terns may occur in different living genera and different 
endosperm patterns may occur within the same living 
genus’’. It is possible that the three Nut Beds species 
recognized here were actually produced by different 
genera, but because of the limited systematic resolution 
provided by seed characters in this family, they are all 
be placed in the stereotypic genus 4nonaspermum. 


Anonaspermum cf. pulchrum Reid et Chandler 
Plate 6, figures 9-15 


Description. —Seed bilaterally symmetrical, short- to 
long-ellipsoid, all faces convex rounded, sometimes 
slightly flattened laterally in the plane of symmetry; 
length 5.5-10.3, avg. 8.0 mm (SD=1.47, n=10), width 
3.8-6.2, avg. 5.2 mm (SD=0.85, n=12), thickness 3.4— 
4.9, avg. 4.3 mm (SD=0.42, n=12); without a marked 
longitudinal median depression; internal mold of seed 
coat with rumination ridges many, narrow, transverse, 
interrupted in course; these ridges mainly continuous 
across the center, without forming pits, nodules or 
punctae; sometimes with short grooves along the ridge 
crests; ruminations tetrapartite in transverse section; 
with a strap-like ridge 1-1.4 mm wide in the plane of 
symmetry formed by fibers of the raphe and chalaza; 
hilum terminal at the broader end of the raphe ridge; 
seed coat thin (80-100 um), smooth. 

Specimens.—HU 60061, UCMP 10676, 10677, UF 
5233, 5234, 6574, USNM 353971 (7 specimens), 
353972, 353975, 353976, 424794-424797, 434983. 

Discussion.— This species is represented in the Nut 
Beds mostly by internal molds of the seed coat (i.e., 
endosperm casts). In one specimen (UCMP 10677) 
part of the thin seed coat is adhering. In seed shape, 
size and pattern of endosperm ruminations, this spe- 
cies corresponds closely to Anonaspermum pulchrum 
Reid et Chandler from the London Clay flora. Reid 
and Chandler (1933) described the raphe and chalaza 
as lying in a rather inconspicuous marginal groove, but 
in most of the Clarno specimens these form a ridge 
(Pl. 6, figs. 10, 13). Perhaps this difference is due to 
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abrasion of the London Clay specimens resulting in 
loss of the fibrous band. In some of the Nut Beds 
specimens, the fibrous band 1s partially or entirely bro- 
ken away (e.g., Pl. 6, fig. 15) revealing a marginal groove 
like that of the London Clay species. Reid and Chan- 
dler (1933) called attention to similarity with the living 
Indomalaysian species Dasymaschalon clusiflorum 
Merrill, but refrained from suggesting a close relation- 
ship because of the likelihood that similar seeds could 
be found elsewhere in the family with a more exhaus- 
tive search of modern genera. 


Anonaspermum bonesii sp. nov. 
Plate 6, figures 16-18 


Etymology.—This species is named for the late Tho- 
mas J. Bones, who collected most of the 4Anonasper- 
mum specimens known from the Nut Beds. 

Description.—Seed roughly ellipsoidal, pointed api- 
cally, with a slight flattening near the hilum, rounded 
basally, bilaterally symmetrical, laterally compressed 
in the plane of symmetry such that the thickness is less 
than '3 of the width, with some shallow depressions 
on the flattened face; length 11.7 mm, width 7.4 mm, 
thickness 2.5 mm; internal mold of seed coat with 
ruminations transverse in the midsection of seed, but 
radially oriented near the base and apex, thin, closely 
spaced, irregular, disappearing toward the center of the 
face, giving rise to fine punctae; inner layer of seed coat 
with a criss-cross pattern of straight to somewhat curved 
fibers. 

Specimen.— Holotype: USNM 353975. 

Discussion.—This species, known from a single si- 
licified seed, differs from A. cf. pulchrum in its pro- 
nounced lateral compression (PI. 6, fig. 18), such that 
the thickness is less than '4 of the width, and by the 
orientation of ruminations. Although the ruminations 
are transversely oriented across most of the seed in 4. 
cf. pulchrum (Pl. 6, figs. 9, 10, 14), they are radially 
oriented in the apical and basal 3 of the 4. bonesii 
seed (Pl. 6, figs. 15, 17). 


Anonaspermum rotundum sp. nov. 
Plate 7, figures 1, 2 


Etymology.—Rotundus (L = circular, round) refer- 
ring to the seed shape. 

Description.—Seed wide-ellipsoidal, rounded api- 
cally and basally, laterally compressed in plane of the 
raphe; length 13.5 mm, width 12.0 mm, thickness 6.0 
mm; internal mold of seed coat with ruminations ra- 
dially oriented from the center, thin, short, irregular, 
shorter toward the center; raphe band extending nearly 
350° around periphery of the seed. 

Specimen.— Holotype: USNM 435099. 

Discussion.— A. rotundatum is known from a single 


specimen which is preserved as an internal mold of 
the seed coat. The specimen differs from those of the 
other two Clarno species by its larger size and nearly 
circular outline. 


Family ARALIACEAE Juss. 


The Araliaceae, as traditionally circumscribed, are 
a family of about 57 genera and 800 species including 
trees, shrubs and lianas mostly of tropical distribution. 
The more cosmopolitan, mostly herbaceous Apiaceae 
(Umbeliferae) with 418 genera and 3100 species, are 
very similar and should be included within Araliaceae 
to have a monophyletic family (W. Judd, pers. comm., 
1991: and see Mabberley, 1989). 


Genus PALEOPANAX gen. nov. 


Etymology.— Paleo (Gr = old) + panax (L, Gr = 
ginseng) referring to the ginseng family, Araliaceae. 
Type species.— Paleopanax oregonensis sp. nov. 


Paleopanax oregonensis sp. nov. 
Plate 7, figures 3-4 


Description.—Fruit wide-elliptical in face view, bi- 
carpellate, bilaterally symmetrical, dorsiventrally 
compressed, with an epigynous perianth bulge; base 
flat or somewhat cordate, apex rounded; length 4.5— 
5.6 mm, width 5.4-6.6 mm, estimated thickness 1-2 
mm, carpels D-shaped in face view, with two to three 
arched longitudinal grooves, adjoined ventrally at the 
central fruit axis by their straight margins, outer mar- 
gins convex, smooth; pedicel > 2.0 mm long, >0.3 mm 
thick; two styles arising parallel to each other from the 
apex, 2.0-3.0 mm long, recurving distally. 

Specimens.— Holotype: OMSI Pb810. Paratypes: 
OMSI Pb1779, Pb1014. 

Discussion.— This species, represented only by com- 
pression fossils, was recovered from the leaf horizon 
at the base of Face 3 in the Nut Beds. The preservation 
of the styles indicates that they were tough and per- 
sistent, or that the fruits were deposited without rig- 
orous transport. 

Fruits of Paleopanax conform to those of the Apiales 
(Araliaceae + Apiaceae) in the possession of epigynous 
perianth, styles as many as the carpels and schizocarp 
morphology. Although samaroid schizocarps also oc- 
cur in Sapindaceae and Aceraceae, the epigynous tepals 
rule out these families. In addition the apical bulge in 
the perianth region (PI. 7, fig. 3) may be interpreted as 
a nectary disk, as is characteristic of Apiales. Paired 
thin mericarps are characteristic of Apicaceae and also 
occur in some Araliaceae. Specialized carpophores of 
the type found in Apiaceae do not appear to be de- 
veloped in this fossil. 

Similar fruits occur in the extant genus Pseudopan- 
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ax. Fruits of P. davidii (Franch.) W.R. Philipson from 
western Hupeh, China (PI. 7, fig. 5) are particularly 
similar to the fossil. However, Pseudopanax has a sin- 
gle style that divides distally into two arms, whereas 
the fossil has two distinct styles. 


Family BETULACEAE Gray 


The Betulaceae are a family of six extant genera, 
with an excellent fossil record in the northern hemi- 
sphere (Crane, 1989). The family is represented in the 
Nut Beds by the two fruit types described below, Cor- 
yloides and Kardiasperma, and by wood attributed to 
Betula (Scott and Wheeler, 1982). The family is rep- 
resented at other Clarno Formation localities, includ- 
ing West Branch Creek and White Cliffs, by leaves and 
infructescences of A/nus and by fruits that may be sim- 
ilar to Palaeocarpinus. Also a fruit resembling a small 
shuttle-cock, Calycites ardtunensis Crane, is known 
from West Branch Creek, White Cliffs and Gosner Road 
localities of the Clarno Formation, and may represent 
an extinct genus of the Betulaceae (Crane, 1989). 


Genus CORYLOIDES gen. nov. 


Etymology.—The generic name refers to the simi- 
larity of these fossils to nuts of Corylus. 
Type species.—Coryloides hancockii sp. nov. 


Coryloides hancockii sp. nov. 
Plate 7, figures 6-12, 16-18 


Etymology.—The species is named in honor of the 
late Alonzo W. Hancock, amateur fossil collector and 
founder of the field station adjacent to the Nut Beds 
locality. 

Description.—Nut nearly perfectly spherical, round- 
ed apically and basally; unilocular, single seeded; out- 
ermost surface as seen in casts and external molds 
strongly ribbed meridionally; ribs spaced 2-4 mm apart 
at the equator; fruit wall 0.8—1.2 mm thick with a large 
longitudinal vascular bundle corresponding to each of 
the external ribs. Nut cast spherical, length 24.8-37.5, 
avg. 28.8 mm (SD=2.65, n=30), equatorial diameter 
23.0-32.6, avg. 27.5 mm (SD=2.48, n=30), with a 
prominent basal scar about 20—25 mm in diameter and 
a circular stylar protrusion 1.5—2.5 mm in diameter at 
the apex; surface of nut cast above the basal scar with 
faint longitudinal ridges corresponding in position to 
the ribs on the fruit surface; perimeter of the basal scar 
forming a circumscissle band ca. 2-3 mm wide with a 
smooth, circular upper margin at which point the lon- 
gitudinal surface ribs begin, and a more jagged lower 
margin with the broken ends of vascular bundles cor- 
responding to the surface ribs, where they may have 
been torn away from the involucre; nut surface slightly 


recessed over the basal scar. Seed more or less globose, 
ca. 20-24 mm in diameter, longitudinally wrinkled, 
with a large circular hilum, about 9.5 mm in diameter 
at one end. 

Specimens.— Holotype: UF 8497. Paratypes: UF 
8492-8496, 8499, 9898, USNM 40544 (Scott, 1954), 
354408, 354425, 354620, 354630, 354632, 354634- 
354636, 354641-354643, 354645, 354647, 354650, 
354654, 354658, 354677, 354757, 354811, 354903, 
354922, 354984, 354986, 354992, UWBM 35268, 
35269, nut casts; UF 8498, nut with seed partially 
exposed; UM 29942, seed. 

Discussion.— Coryloides 1s distinguished by a nearly 
spherical, meridionally ridged nut with a large circular 
circumsissle mark on one end (PI. 7, figs. 7, 8, 9, 10) 
and a small stylar scar at the other (Pl. 7, figs. 6, 8). 
The chalcedony-replaced nuts are attractive specimens 
with the shape and density of a large game marble. 
The fruits occur mainly at the top of Faces 3 and 4 in 
the Nut Beds, and are not known from other localities 
of the Clarno Formation. Although these specimens 
were informally identified as palm fruits (Gregory, 
1969; Bones, 1979), the large circular band at the basal 
end of the nut is inconsistent with the morphology of 
extant Palmae. The cellular anatomy of the nutshell 
usually is not preserved but in one of the more com- 
pletely preserved, although somewhat crushed, speci- 
mens, transverse sectioning reveals the thickness and 
sculpture of the outer wall, and shows the presence of 
a large vascular bundle corresponding in position to 
each of the surface ribs (Pl. 7, figs. 17, 18). 

Scott (1954) figured a fruit cast (p. 86, pl. 16, fig. 24) 
and an isolated seed cast (p. 87, pl. 16, figs. 29, 30) of 
Coryloides hancockii among his incertae sedae. A si- 
licified fruit that has been fractured, revealing an intact 
seed cast (PI. 7, fig. 12) provides the basis for linking 
isolated seed casts, such as that figured by Scott, as 
belonging to the same species as the fruit casts. The 
sedimentary mold surrounding the silicified nut cast 
shows that the external surface was more strongly ribbed 
(Pl. 7, figs. 11, 16) than the nut cast alone would sug- 
gest. The large basal scar indicates probable detach- 
ment from an involucre as is seen in the nuts of various 
Fagaceae and Betulaceae. 

The globose form, unilocular, single-seeded struc- 
ture and prominent basal scar of these nuts at first 
suggested affinities with cupulate fruits of Quercus and 
Lithocarpus in the Fagaceae. Fruits with such promi- 
nent longitudinal ridges are not known in the Fagaceae, 
and the peculiar, more or less crenate pattern of vas- 
cular bundles seen on the basal scar is unlike anything 
observed among extant fagaceous fruits (Kaul, pers. 
comm., 1989). In addition, the nutshells of Quercus, 
Lithocarpus and other Fagaceae do not contain large, 
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widely spaced longitudinal vascular bundles as seen in 
this fossil. 

The affinities of this fruit appear to be close to Cor- 
ylus in the Betulaceae. The nature of the scar left behind 
on the nut of Corylus, where the involucre, or “hull’’, 
detaches (PI. 7, figs. 13, 14), is very similar to that seen 
in Coryloides. This feature, together with the presence 
of a single locule and seed and the relatively thin nut- 
shell containing unusually large longitudinal vascular 
bundles (PI. 7, fig. 15), is consistent with the fossil nuts. 
However, extant Cory/us fruits are smaller and not as 
perfectly globose as those of Coryloides. The basal scar 
of Coryloides is nearly circular, whereas that of Corylus 
usually somewhat distorted and elliptical, indicating a 
difference in the symmetry of involucral attachment. 
These features, and the prominently ribbed surface of 
the nuts indicate that the fossils do not belong in the 
extant genus. Whether Cory/oides is a sister genus to 
Corylus, or a case of parallel evolution in another line 
of the Betulaceae is open to speculation. 


Genus KARDIASPERMA gen. nov. 


Etymology.—Kardia (Gr = of the heart) + sperma 
(Gr = seed). 
Type species.— Kardiasperma parvum sp. nov. 


Kardiasperma parvum sp. nov. 
Plate 8, figures 1-5 


Etymology.— Parvum (L = little) referring to the small 
size of the locule casts. 

Description.—Locule casts small, dorsiventrally 
compressed, obcordate, quadrilaterally symmetrical, 
base rounded or faintly cordate with hilum central, 
apex blunt-pointed in face view (ca. 90°); length 1.3- 
2.4, avg. 2.1 mm (SD=0.23, n=19), width 1.0-2.0, avg. 
1.7 mm (SD=0.25, n=19), thickness 0.5-1.2, avg. 1.0 
mm (SD=0.14, n=19); surface smooth with a keel in 
the major plane of symmetry and with a median groove 
running dorsally and ventrally from base to apex in 
the minor plane of symmetry. 

Specimens.— Holotype: USNM 435077. Paratypes: 
UCMP 10710-10713, UF 6602-6604, USNM 355706- 
355710, 424705-424710, 424750, 424768, 435076, 
435078-435081. 

Discussion.—These specimens are morphologically 
identical to the locule casts of Palaeocarpinus from the 
Paleocene of Almont, North Dakota (Crane et al., 1990, 
p. 24). There is a marked difference in size, however. 
Locule casts from the Almont locality are 4-5.5 mm 
wide, 1.e., two to five times larger than the species 
described above. Although the locule casts of Kar- 
diasperma parvum have not been found intact within 
complete fruits, they correspond in size to fruits of an 
undescribed species of small, spiny-bracted fruit sim- 


ilar to Palaeocarpinus known from compressions (PI. 
8, fig. 20) at the West Branch Creek and White Cliffs 
localities of the Clarno Formation. Palaeocarpinus is 
an extinct genus of the Coryleae known from the Pa- 
leocene of England (Crane, 1981) and North America 
(Crane et al., 1990; Sun and Stockey, 1992). 


Family BURSERACEAE Kunth. 


The Burseraceae, or torchwood family, comprises 
16 genera and about 500 species of tropical trees and 
shrubs with present centers of diversity in America 
and northeastern Africa. The family is divided into 
three tribes (Lam, 1931, 1932; Daly, 1989), based prin- 
cipally upon characters of the fruits. In the tribe Bur- 
sereae (Bursera, Commiphora, Aucoumea, Boswellia) 
pyrenes are concrescent but not connate, and have a 
dry, dehiscent pericarp. In the Protieae (Protium, Ga- 
ruga, Tetragastris, Hemicrepidospermum, Crepidos- 
permum) pyrenes are separate and the outer pericarp 
may be either fleshy or dry and dehiscent. In the Can- 
arieae (Canarium, Scutinanthe, Dacryodes, Santiria, 
Trattinickia, Haplobus) pyrenes are connate, forming 
a plurilocular endocarp with a fleshy, rarely more or 
less dry, indehiscent pericarp. General fruit and seed 
morphological characters for the family are reviewed 
by Reid and Chandler (1933, pp. 266-7). 


Genus BURSERICARPUM Reid et Chandler 


Bursericarpum oregonense sp. nov. 
Plate 8, figures 6-17 


Etymology.—The epithet refers to Oregon, the state 
in which the Clarno fossils were collected. 

Description.—Endocarp single-seeded, bilaterally 
symmetrical, tear-dropshaped, pointed apically, 
rounded basally, subtriangular in cross section, with a 
convex, rounded dorsal face and two more or less flat 
ventral faces meeting in a median longitudinal angle 
of 70-909, this angle sharper above the placenta; length 
4.7-8.7, avg. 6.0 mm (SD=0.97, n=42), width 2.8—5.7, 
avg. 4.3 mm (SD=0.82, n=42), thickness 2.2-4.9, avg. 
3.7 mm (SD=0.85, n=42): transverse placental slit 
concave upwards, located centrally on the ventral angle 
of the endocarp; endocarp wall 0.3 mm thick, com- 
posed of more or less isodiametric sclereids 15-35 um 
in diameter; exocarp not anatomically preserved, but 
showing a reticulum of coarse vascular bundles de- 
veloped on dorsal and ventral surfaces: the bundles of 
this reticulum becoming closer together and forming 
a complex at the placental area. Locule casts similar 
in shape to the endocarps, with more pronounced ven- 
tral concavity in the position of placental slit, a sharper 
(less rounded) ventral angle, a more pointed apex, and 
a curved ridge near the base of the dorsal side corre- 
sponding to the edge of the germination valve. 
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Specimens.— Holotype: USNM 424885. Paratypes: 
HU 60010, UCMP 10655-10660, UF 6647-6648, 
6657-6663, USNM 326717 (Bones, 1979, pl. 3, fig. 7, 
lower left), 326718 (Bones, 1979, pl. 3, fig. 7, lower 
right), 355491, 424877-424884, 424886-424888, 
43495 1-434960, 434964. 

Discussion.— Bursericarpum oregonense 1s repre- 
sented by numerous chalcedony locule casts (PI. 8, figs. 
16, 17), occasional permineralized endocarps (PI. 8, 
figs. 6-10, 12, 15), and a few complete fruit casts. The 
rounded angles of the endocarps suggest that they were 
borne freely (not fused) within the fruit. In addition, 
complete fruit casts with the reticulate-veined exocarp 
intact (PI. 8, figs. 13, 14) show only a single endocarp 
per fruit. The absence of fruit casts bearing two or more 
endocarps suggests that fruits of this species were typ- 
ically single-seeded, a feature of the tribe Bursereae. 

Among extant genera, Bursericarpum oregonense 
most closely resembles Protium, Tetragastris and Bur- 
sera. Endocarps of Protium and Tetragastris, of the 
tribe Protieae, generally are larger than the fossils, and 
are often borne two or more per fruit. Bursera endo- 
carps are borne one-per-fruit and are similar in size to 
the fossil. This species is particularly similar in en- 
docarp morphology to the London Clay fossil Burser- 
icarpum aldwickense Chandler (1961b). A separate 
species name is necessary, however, because exocarp 
vasculature, and the number of pyrenes per fruit, are 
unknown in B. a/dwickense and because features of the 
seed, readily apparent in the London Clay material, 
are not known for the Nut Beds specimens. 


Bursericarpum sp. 
Plate 8, figures 18, 19 


Description.—Endocarp single-seeded, bilaterally 
symmetrical, tear-drop-shaped, pointed apically, 
rounded basally, subtriangular in cross section, with a 
convex, rounded dorsal face and two more or less flat 
ventral faces meeting in a median longitudinal angle 
of 70-909, length 2.0-3.2 mm, avg. 2.8 mm (SD=0.5, 
n=5), width 1.3—2.3 mm, avg. 1.9 mm (SD=0.4, n=5), 
thickness 1.0-2.0, avg. 1.6 mm (SD=0.4, n=5); pla- 
cental slit transverse, located centrally on the ventral 
angle of the endocarp, curved apically through the en- 
docarp. 

Specimens.—UF 6654-6656, USNM 434961, 
434963. 

Discussion.—This species is based upon specimens 
that are morphologically very similar to Bursericarpum 
oregonense, but which are much smaller. Most are pre- 
served as chalcedony casts of the endocarp; locule casts 
have not been observed. It is possible that these spec- 
imens may be immature or abortive endocarps of B. 
oregonense. 


Family CORNACEAE Dumort. 


The Cornaceae, or dogwood family includes six ex- 
tant genera: Cornus, Mastixia, Nyssa, Camptotheca, 
Davidia and Diplopanax (Eyde, 1988; Eyde and Xiang, 
1990). Although Nyssa and Davidia have often been 
segregated as Nyssaceae, Eyde (1988) reviewed the cri- 
teria used to separate Cornaceae and Nyssaceae and 
found them inadequate to support the continued rec- 
ognition of Nyssaceae. Most species of the Cornaceae 
are arborescent and are distributed from temperate to 
tropical regions. The Nut Beds assemblage includes 
both extant and extinct genera of the family: Cornus, 
Mastixia, Mastixioidiocarpum, Mastixicarpum, Lang- 
tonia and Nyssa. Other relatives of Cornaceae present 
among the Nut Beds fruits include Alangiaceae (p. 34) 
and Hydrangeaceae (p. 50). 


Genus CORNUS L. 


Cornus clarnensis sp. nov. 
Plate 9, figures 1-15 


Etymology.—The epithet is named after Clarno, Or- 
egon, the small settlement west of the Nut Beds. 

Description.—Endocarp nearly globose to ellipsoid- 
al, bilocular (to trilocular), length 4.2, 4.4, 5.0 mm, 
width 3.8, 4.4, 4.3 mm; length/width ratio 1.0-1.3; 
base rounded, apex obtusely pointed; surface with ca. 
10 fine longitudinal grooves; endocarp wall 0.5-0.6 
mm thick, without lacunae, composed of more or less 
isodiametric polygonal sclereids, 38—70 wm in diam- 
eter, decreasing in size toward the outer surface; sep- 
tum 0.2—0.25 mm thick without central vascular strand 
but with two peripheral vascular strands forming 
prominent longitudinal grooves along the endocarp 
surface in plane of the septum; locule lining uniseriate, 
composed of thin-walled cuboidal cells 45 um in di- 
ameter along the distal surface of the locule and 25 um 
on the proximal surface (nearest the septum); each loc- 
ule with one seed. 

Specimens.— Holotype: USNM 422378. Paratypes: 
UF 6310, 9763, USNM 355397, 424702. 

Discussion.— Cornus clarnensis is represented only 
by five specimens: a chalcedony endocarp cast and four 
permineralized endocarps. Among the four specimens 
with internal structure preserved, three are bilocular 
(e.g., Pl. 9, figs. 7, 8) and the other is trilocular, but 
otherwise identical in anatomy (PI. 9, fig. 12). The lack 
of a central vascular bundle in the septum supports 
placement in Cornaceae. The species corresponds to 
extant Cornus in the smooth ellipsoidal outline of the 
endocarp, the number of locules and the isodiametric 
sclereids making up the endocarp. Based upon analysis 
of many characters of extant species, Eyde (1988) di- 
vided Cornus into two groups that he named infor- 
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Text-figure 10.— Mastixioid fruits from the Nut Beds. A, Mastixia sp. B, Mastixioidiocarpum oregonense Scott. C, Mastixicarpum occidentale 
sp. nov. D, Langtonia bisulcata Reid and Chandler. Epicarp stippled where preserved. Scale bar = | cm. 


mally according to the color of their fruits, the Blue 
line (ca. 50 spp.), and Red line (ca. 15 spp.). In shape 
and distribution of surface grooves, C. clarnensis re- 
sembles extant C. florida L., a member of the ‘‘big- 
bracted” subgroup of the “showy bract” group of the 
red line dogwoods (sensu Eyde, 1988). The fossil 1s 
distinguished from endocarps of the Cornelian cherry 
subgroup (or “‘dunstania”’ type) by the absence of la- 
cunae in the endocarp wall. 

A thorough review of the fossil record of Cornus was 
presented by Eyde (1988). Cornus clarnensis appears 
to be the oldest known fruit record of the big-bracted 
dogwoods. However, multilocular Cornus endocarps 
of the dunstania type occur in the late Paleocene of 
North Dakota (Crane et al., 1990) and in the early 
Eocene London Clay flora (Eyde, 1988). Although Reid 
and Chandler (1933) attributed the London Clay spe- 
cies to an extinct genus, Dunstania, Eyde (1988) argued 
that the ““dunstanias” belong within Cornus and, be- 
cause of lacunae in the endocarp wall, correspond to 
the Cornelian cherry subgroup. 


Genus MASTIXIA Blume 


Mastixia is an extant tropical genus of 13 species 
distributed in Indomalesia. Several fossil species of 
Mastixia (reviewed by Kirchheimer, 1957; Mai, 1970) 
and closely related extinct genera (Kirchheimer, 1936, 
1957) are common in the middle to late Tertiary of 
central Europe, prompting application of the term 
““Mastixoid flora” to these warm-climate fossil assem- 
blages (Kirchheimer, 1940). Knobloch and Mai (1986) 
reported several species of this complex from the Late 
Cretaceous (Maastrichtian) of Germany and presented 
a key distinguishing the European fossil mastixioid 
genera. The mastixioid group is represented in the Nut 
Beds flora by Mastixia, Mastixioidiocarpum, Mastix- 
icarpum, and Langtonia. 


Mastixia sp. 
Plate 10, figures 1-3; Text-figure 1OA 


Description.—Endocarp ovoid, unilocular, single- 
seeded, surface smooth; length 8.0-11.5 mm (esti- 
mated from incomplete specimens), width 5.7—7.0, avg. 
6.3 mm (SD=5.7, n=5), dorsiventral thickness 6.0- 
6.7, avg. 6.4 mm (SD=0.33, n=4); dorsal surface with 
a sulcus formed by a deep longitudinal infold of the 
endocarp wall extending about 2.8 mm into the locule; 
infold thick (1.8—2.4 mm); locule U-shaped in cross 
section; endocarp wall 0.6-0.8 mm thick, composed 
of two layers: the inner layer 0.3-0.4 mm thick with 
fibers 14-20 um in diameter and more than 400 um 
long, mostly oriented transversely; outer layer approx- 
imately the same thickness, 0.3-0.4 mm, composed of 
more or less isodiametric to elongate sclereids, 20-35 
um wide and up to 200 um long; germination valve 
elongate; dehiscence plane running nearly the full length 
of the endocarp, extending from the dorsal limbs of 
the locule through the thickness of the endocarp wall; 
two longitudinal lacunar tubes up to 0.5 mm in di- 
ameter situated parallel and adjacent to the dehiscence 
plane, one on each side of the locule; epicarp not pre- 
served. Locule cast ellipsoidal, concave dorsally, trough- 
shaped, base rounded, apex pointed; length 7.3 mm, 
width 4.8 mm, thickness 4.1 mm. 

Specimens.—UF 6303, 6502, 9369, 9470, permi- 
neralized endocarps; USNM 354035, locule cast. 

Discussion.— This species, represented by a few per- 
mineralized endocarps and a locule cast, conforms to 
extant Mastixia on the basis of its relatively smooth 
endocarp surface, the dorsal infold and germination 
valve and the anatomical structure of the endocarp 
consisting of an inner layer of transversely aligned fi- 
bers surrounded by an outer layer of sclereids (Pl. 10, 
fig. 3). Kirchheimer (1936, pl. 5, fig. 10) and Eyde 
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(1963) illustrated endocarps of comparable living spe- 
cies including M. trichotoma Blume. Eyde (1963) ob- 
served that: “‘the endocarp splits exactly where two 
ovular traces pass through the endocarp from base to 
placenta. These vascular strands form hollow space 
where the ovular trace deteriorates”. The same struc- 
tures are observed in the fossil (Pl. 10, fig. 2; Text-fig. 
10A) and are described above as lacunar tubes. The 
dorsal infold is much thicker in this fossil than in most 
extant species. However, the two species of subgenus 
Manglesia (M. euonymoides Prain and M. octandra 
Matthew), which I have not seen, are described as hav- 
ing thick infolds (“septum swollen to one third the 
diameter of the fruit’’, Matthew, 1976). 

This species differs from the other Clarno mastixioid 
species by its smaller size, thinner endocarp wall and 
smooth surface. The lack of preserved epicarp (me- 
socarp and exocarp) may indicate that the outer layers 
were fleshy and hence lost prior to fossilization. The 
smooth surface of the endocarp and small size differ- 
entiates this species from the nodular surfaced endo- 
carp of Mastixia cantiensis and from the gently ribbed 
M. parva from the London Clay flora (Reid and Chan- 
dler, 1933). 


Genus MASTIXIOIDIOCARPUM Scott 


Mastixioidiocarpum oregonense Scott 
Plate 10, figures 4-11, Text-figure 10B 


Mastixioidiocarpum oregonense Scott 1954, p. 84, pl. 16, figs. 16- 
18. 


Emended Description.—Fruit ovoid, rounded api- 
cally and basally, unilocular, single-seeded, length 1 3- 
23.8, avg. 20.2 mm (SD=3.91, n=6), width 9.2-15, 
avg. 11.7 mm (SD=2.01, n=8), dorsiventral thickness 
8.2-15.0, avg. 11.6 mm (SD=2.45, n=7); endocarp 
longitudinally ribbed with nine to 14 prominent irreg- 
ular sharp ridges up to 1.5 mm in relief that are irreg- 
ularly divided into excrescences or protuberances; en- 
docarp surface with a dorsal sulcus (longitudinal infold) 
extending 3.8-5.8 mm into the locule (hence, locule 
U-shaped in cross section); endocarp wall 2.5-4 mm 
thick measured to the crest of the highest ribs; ger- 
mination valve elongate; dehiscence plane running 
nearly the full length of the endocarp, extending from 
the dorsal limbs of the locule through the thickness of 
the endocarp wall; two longitudinal lacunar tubes up 
to 0.5 mm in diameter running through the endocarp 
adjacent to the dehiscence plane, one on each side of 
the locule; endocarp consisting of an inner layer 0.3 to 
0.4 mm thick made up of horizontal, periclinally ori- 
ented fibers, 17-23 wm in diameter, grading into the 
outer layer 2.2-3.7 mm thick composed of fibers, 28— 
60 um in diameter, arranged in tracts of varying ori- 


entation; locule lining formed by transversely aligned 
cells; epicarp not preserved. Locule cast narrowly sad- 
dle shaped, the ventral face convex, the dorsal face 
concave, U-shaped in transverse section, the arms 
proximate, lateral margins rounded, but thinning to- 
ward the ends and acute at base and apex, traces of a 
median raphe strand visible on the ventral surface. 

Specimens.— Holotype: UM 29938. Hypotypes: HU 
60013, OMSI Pb196, UF 9206-9208, 9210, 9269, 
USNM 354022-354028 (these specimens together in 
the same piece of matrix), 354029, 354031, 354033, 
354034, 354036, 354037, 354598, endocarps; UCMP 
10661, 10662, USNM 354036, 354038, 354039 (3 
specimens), 354041 (3 specimens) 354042, 354049, 
locule casts. 

Discussion. — Mastixioidiocarpum oregonense 1s dis- 
tinguished from the other mastixioids of the Nut Beds 
by its prominently sculptured endocarp surface (PI. 10, 
figs. 4, 8; Text-fig. 10B). It is preserved as perminer- 
alized endocarps, locule casts and endocarp molds. 
Commonly, the endocarp itself has disintegrated, leav- 
ing behind its mold in the matrix, with a chalcedony 
locule cast inside. In one such example, the locule cast 
was removed (PI. 10, figs. 9-11) and a replica of the 
original endocarp, complete with the irregular surface 
ribs, was prepared by making a latex cast of the sur- 
rounding sedimentary mold (PI. 10, fig. 8). Molds with 
the same distinctive type of sculpture are known from 
other localities of the Clarno Formation, including West 
Branch Creek, Gosner Road, and from the Eocene Sep- 
ulcher Formation of Yellowstone National Park 
(Princeton 22488, specimen at USNM). 

These endocarps are morphologically similar to those 
of extant Mastixia, but differ by the prominent, coarse 
sculpture and thick fruit wall. Scott (1954) established 
the genus Mastixioidiocarpum for this Nut Beds spe- 
cies, because not enough details were preserved to en- 
able a secure assignment to any of the extinct genera 
known from the European Tertiary (Kirchheimer, 1936; 
Reid and Chandler, 1933). Since Scott’s work was pub- 
lished, however, many additional specimens have been 
recovered, some with excellent anatomical detail, en- 
abling a more informed comparison with other fossil 
and modern material. The resulting new information, 
included in the above description, supports retention 
of the generic name Mastixioidiocarpum, because the 
Clarno fossil is readily distinguished in its morphology 
from the European fossil mastixioid genera reviewed 
by Holy (1975) and Knobloch and Mai (1986). In 
sculpture and thickness of the endocarp, Mastixioidi- 
ocarpum resembles Eomastixia Chandler (= Ganitro- 
cera Kirchheimer) as emended by Holy (1975). How- 
ever, Eomastixia generally is two-loculed (up to four- 
loculed) and, when unilocular, there is usually evidence 
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ofan abortive ovule (Holy, 1975). Mastixioidiocarpum 
specimens are exclusively unilocular, without any in- 
dication of an abortive ovule. 


Genus MASTIXICARPUM Chandler 


Mastixicarpum occidentale sp. nov. 
Plate 10, figures 12-15; Text-figure 10C 


Etymology.—Occidens (L = of the west), referring 
to the western occurrence of this species. 

Description.— Fruit ovoid, unilocular, length 21.0- 
22.0 mm, width 14.5—16.0 mm, dorsiventral thickness 
11.8-15.5 mm; endocarp with faint longitudinal ridg- 
es; dorsal infold present but not well exposed surfi- 
cially; infold extending 6 mm into the locule; endocarp 
wall 3.6-4.0 mm thick, composed of interwoven tracts 
of fibers, the fibers 38-80 um in diameter; vascular 
bundles located in a narrow zone transitional between 
endocarp and epicarp; epicarp surface smooth, exocarp 
0.8-1.0 mm thick, composed of anticlinally elongate 
sclereids, 28-55 um in diameter, 80-300 um long. Loc- 
ule boat-shaped, the dorsal face concave, and the ven- 
tral convex, c-shaped in cross section; dehiscence plane 
running nearly the full length of the endocarp, extend- 
ing from the dorsal limbs of the locule through the 
thickness of the endocarp wall. 

Specimens.— Holotype: UF 8740. Paratype: UCMP 
1070S. 

Discussion.—This species is known from two frag- 
mentary but well preserved permineralized specimens 
from the Nut Beds, and by a well preserved specimen 
from the Brummers’s Spring Clarno locality (UF 9886; 
loc. 254). Mastixicarpum occidentale differs from the 
other Clarno mastixoids by the presence of a resistent 
epicarp (PI. 10, figs. 13-15, Text-fig. 1OC). The epicarp 
in the other species was probably fleshy and easily 
degraded as in extant Mastixia. The endocarp of this 
species 1s smooth in comparison to the strongly ribbed 
endocarps of Mastixioidiocarpum discussed above. 

Among fossil mastixioids recognized in the Tertiary 
of Europe, four genera have persistent epicarps (Knob- 
loch and Mai, 1986): Mastixicarpum Chandler, Mas- 
tixiopsis Kirchheimer, Retinomastixia Kirchheimer, 
and Tectocaryva Kirchheimer. Of these, the Nut Beds 
species most closely resembles Mastixicarpum and 
Tectocarya. Tectocarya has a pair of lacunae separated 
by a median septum in the upper * of the dorsal infold, 
and has a thin epicarp that may become free from the 
endocarp, whereas Mastixicarpum lacks the longitu- 
dinal septum in the infold and has a thick epicarp that 
is tightly attached to the endocarp. Based upon sections 
of Tectocarya rhenana Kirchheimer that I have ex- 
amined from Diiren, Germany, there are no prominent 
secretory ducts, and the epicarp is composed of very 


small isodiametric cells. The Clarno species corre- 
sponds most closely in morphology and anatomy to 
Mastixicarpum, based upon sections of M. limnophil- 
um that I have examined from the Miocene of Wiesa, 
Germany. The two species correspond in thickness of 
the epicarp, size and orientation of epicarp cells, and 
in the presence of secretory canals at the junction of 
the endocarp and epicarp. 

Recent recognition of the extant Chinese genus Di- 
plopanax asa living mastixioid (Eyde and Xiang, 1990) 
is of considerable interest in interpreting paleobotan- 
ical remains. Diplopanax, like Mastixia, has an ovoid 
unilocular fibrous endocarp with an elongate dorsal 
germination valve. Although there is a dorsal infold 
resulting in a locule that is u-shaped in cross section, 
the infold is not apparent at the surface of the endocarp, 
which has a circular cross section. Mastixia fruits have 
a soft epicarp, whereas that of Diplopanax is woody 
or leathery. Also, the endocarp of Diplopanax is rid- 
dled with longitudinal secretory canals that are not 
observed in the endocarp of Mastixia. Eyde and Xiang 
(1990) suggested that Mastixicarpum and Diplopanax 
are equivalent. However, in both Mastixicarpum lim- 
nophilum and M. occidentalis the secretory canals are 
mostly peripheral to the endocarp (e.g., Pl. 10, fig. 15), 
largely confined to the epicarp, whereas in Diplopanax 
stachyanthus Hand.-Mazz. the secretory canals are 
uniformly distributed, giving a speckled appearance to 
the endocarp in cross section. 


Genus LANGTONIA Reid et Chandler 


Langtonia bisulcata Reid et Chandler 
Plate 11, figures 1-10; Text-figure 10D 


Langtonia bisulcata Reid et Chandler 1933, p. 453, pl. 25, fig. 18- 
PST 


Description.— Fruit oblong, more or less circular in 
cross section, rounded basally and apically, length 16.0- 
35.0, avg. 24.9 mm (SD=5.27, n=7), width 10.0-26.5, 
avg. 14.8 mm (SD=4.56, n=7), dorsiventral thickness 
9.9-22.0, avg. 14.1, mm (SD=4.12, n=7); bicarpellate, 
with two single-seeded elongate locules, sometimes with 
one of the locules poorly formed, abortive; locules 
w-shaped in cross section, due to a pair of longitudinal 
infolds of the endocarp wall; longitudinal planes of 
dehiscence in the endocarp wall defining a pair of ger- 
mination valves, one corresponding to each locule; each 
germination valve extending the full length of the loc- 
ule, similar in width to the locule that it serves; septum 
without a central vascular column; endocarp made up 
of tracts of fibers oriented in various directions; epicarp 
about | mm thick, composed of thin-walled, periclin- 
ally elongate cells 20-30 um high and 40-120 um wide; 
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secretory ducts present both in endocarp and epicarp; 
seeds conforming in shape to the locule. Locule casts 
elongate, dorsiventrally flattened 12.5—20.6 mm long, 
5.5-12.7 mm wide, 2.2-6.0 mm thick, pointed apically 
and basally, sometimes with fine transverse striations; 
dorsal side with a median longitudinal ridge flanked 
on either side by a prominent groove, ventral side 
convex-rounded with a thread-like median longitudi- 
nal raphe groove or ridge. 

Specimens.—HU 60016, UF 8729-8735, 8740, 
8742, USNM 312746 (Bones 1979, pl. 4, fig. 5 top), 
354032, 354046, 354052, 354053, 354351, 354423, 
354937, 354941, 422524, 424810, 424875, endocarps; 
UF 8736-8739, USNM 312747 (Bones 1979, pl. 4, fig. 
5, left), 354043, 354047, 354050, locule casts. Holo- 
type: BM v22984 from the London Clay. 

Discussion.—Langtonia is represented in the Nut 
Beds by permineralized endocarps (Pl. 11, figs. 1-3) 
and occasional isolated locule casts (Pl. 11, figs. 5, 6). 
Fruits have been recovered from the basal leaf layer 
of Face 3, as well as higher in the Nut Beds section. 
The preservation of fruit morphology and anatomy is 
excellent as seen in transverse sections (PI. 11, figs. 4, 
7-10). 

This species was first described and recognized as 
an extinct genus from the London Clay flora by Reid 
and Chandler (1933). They attributed Langtonia to the 
Cornaceae and placed it near Mastixia because of its 
long, infolded germination valves. It differs from Mas- 
tixia in having two infolds of the locule, rather than 
one, resulting in a w-shaped, rather than u-shaped, 
cross section. Kirchheimer (1936) expressed doubt as 
to the mastixioid affinities of this genus. Anatomy re- 
vealed in peels of the well preserved Clarno material 
(Pl. 11, figs. 9, 10), however, shows variously oriented 
tracts of fibers forming the endocarp in conformity 
with the anatomy of Mastixia, Diplopanax and Nyssa. 
In addition, the presence of secretory canals in the 
endocarp and epicarp is a feature shared with Diplo- 
panax and Mastixicarpum. Therefore, Langtonia 
should be reinstated as a member of the Cornaceae. 

Most of the Nut Beds endocarps are larger than those 
described by Reid and Chandler (1933) from the Lon- 
don Clay (length 9-20, avg. 15.5 mm, width 4.5-12, 
avg. 9.6 mm). The size ranges overlap, however, and 
the specimens are morphologically indistinguishable, 
and I have therefore placed the Nut Beds specimens 
in the same species. 


Genus NYSSA L. 


Nyssa spatulata (Scott) comb. nov. 
Plate 11, figures 11-19 


Palaeonyssa spatulata Scott 1954, p. 83, pl. 16, fig. 8-12. 


Description.—Endocarp oblong, ovoid or ellipsoid- 
al, trilocular, roughly circular to rounded-triangular in 
cross section, base and apex rounded, with nine round- 
ed longitudinal ridges extending from base to apex, 
length 20.1—30.0, avg. 24.0 mm (SD=3.8; n=15), width 
12.0-21.5, avg. 14.6 mm (SD=2.8, n=16), endocarps 
trilocular, with large, rounded germination valves vis- 
ible as slits in the apical half of the endocarp; wall and 
septa composed of swirling tracts of fibers, the fibers 
15-30 um in diameter: central axis not vascularized, 
epicarp not preserved. Locules single-seeded, elongate, 
spatulate, c-shaped in cross section, concave outward, 
broadening and rounded apically, narrowed and point- 
ed basally. 

Specimens.— Holotype: UM 29936 (Scott, 1954, pl. 
16, fig. 8, 9). Paratype: USNM 40543 (Scott, 1954, pl. 
16, fig. 10-12). Hypotypes: OMSI Pb197A, Pb914, UF 
6834-6842, USNM 354541, 354582-354584, 354586, 
354591, 354594, 354595, 354604, 424874. 

Discussion.—This species was described by Scott 
(1954) on the basis of four specimens. Although it is 
not abundant in the assemblage, it is now known from 
approximately 25 specimens, resulting in the broader 
range of dimensions indicated in the above description. 
All of the specimens show three locules (rather than 
three to four as in the London Clay species). 

Reid and Chandler (1933) correctly deduced the close 
affinity of this taxon to extant Nyssa, but because of 
some apparent differences, particularly the presence of 
three to four locules, placed the London Clay fossils 
in a new genus, Palaeonyssa. Scott (1954) recognized 
close similarity between the Clarno and London Clay 
fruits, and placed the Nut Beds specimens in a new 
species of Palaeonyssa. These fossils differ from most 
modern species of Nyssa in being consistently trilocular 
(Pl. 11, figs. 16-18), rather than unilocular, and by their 
larger size. Thin sections reveal that the endocarp is 
made up of swirling fibers (Pl. 11, fig. 19), as is also 
true of extant species of Nyssa. 

Nyssa has about six extant species (three in North 
America, one in China, one in Indomalesia and one 
in southern Central America) that are readily distin- 
guished from one another on the basis of fruit mor- 
phology (Eyde, 1963). The new discovery of an extant 
species of Nyssa from Costa Rica and Panama, N. 
talamancana Hammel and Zamora (1990), is helpful 
in the interpretation of fossil remains. Fruits of N. 
talamancana measure 4—5 cm in length and 2—2.5 cm 
in diameter, and are larger than those of any other 
living or fossil species of the genus. In contrast to the 
other extant species of Nyssa, which typically have only 
one locule, and in rare instances two locules (Eyde, 
1963), stones of N. talamancana are bilocular to tri- 
locular (Hammel and Zamora, 1990). Taking into con- 
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sideration the wider range of endocarp morphology 
imparted to Nyssa by the tropical American species, 
the taxon Pa/laeonyssa now appears to fall neatly within 
the extant genus. 


Nyssa scottii sp. nov. 
Plate 12, figures 1-2 


Etymology.—This species is named for Richard A. 
Scott in recognition of his careful work on the Clarno 
fruit and seed flora. 

Description.—Endocarp spindle shaped, fusiform in 
lateral view, roughly circular in cross section, triloc- 
ular, base and apex bluntly pointed, surface with coarse 
meridional ribs; length 12.6-16.5, avg. 13.8 mm 
(SD=2.3, n=6), width 6.1-9.5, avg. 7.5 mm (SD=1.18, 
n=6), endocarp with three inverted u-shaped germi- 
nation valves over the apical '4 of the endocarp; en- 
docarp wall 1.2 mm thick composed of fibers 12-30 
um in diameter, arranged in swirling groups, central 
axis not vascularized. 

Specimens.— Holotype: USNM 354588. Paratypes: 
OMSI Pb207, UF 6843, USNM 354582, 354600, 
435150. 

Discussion. — Nyssa scottii is represented by several 
translucent silica casts and one permineralized speci- 
men (UF 6843). The shape, size, surface sculpture and 
type of germination valve are diagnostic of Nyssa. The 
specimens are tricarpellate as in N. spatulata, rather 
than unicarpellate as is the usual condition in extant 
species. One of the specimens (PI. 12, figs. 1, 2) has 
one of the germination valves broken away, showing 
a locule that 1s D-shaped in cross section with the 
convex surface inward. The short length of the ger- 
mination valves is a character that distinguishes Nyssa 
from the mastixioid genera (Chandler, 1926, pp. 36- 
37). This species is readily distinguished from N. spa- 
tulata by its smaller size range (length 12-17, vs. 20- 
30 mm). 


Nyssa sp. 
Plate 12, figures 3-5 


Description.— Fruit unilocular, endocarp more or less 
elliptical in face view, dorsiventrally compressed, 
rounded basally, dorsal side convex, ventral side con- 
cave; length 24.6, 30.0, 48.0 mm (est. from incomplete 
specimen), width 12.9, 23.5, 25.0 mm, dorsiventral 
thickness 5.1, 12.6, 10 mm, surface relatively smooth, 
with thin, shallow longitudinal grooves; endocarp wall 
3.2 mm thick, composed of tracts of swirling fibers, 
the fibers 15-30 um in diameter. Locule cast dorsi- 
ventrally compressed. 

Specimens.—UF 9757, UM 66135, USNM 446088. 

Discussion.—Three unilocular specimens of Nyssa 
have been recovered from the Nut Beds. The longi- 


tudinal grooves on the endocarp (Pl. 12, fig. 3) and 
thick wall composed of swirling tracts of fibers (Pl. 12, 
fig. 5), are consistent with assignment to Nyssa. There 
is no indication of abortive locules and, in the absence 
of any bilocular specimens in the Nut Beds collections, 
it seems likely that this represents a species distinct 
from the trilocular species, N. spatu/ata and N. scottii. 
Although it is incomplete, the larger of the specimens 
(Pl. 12, fig. 3) appears to have been longer than any of 
the trilocular specimens. 

The relatively smooth surface, size, and marked dor- 
siventral compression of these endocarps suggests af- 
finities with N. brandoniana (Lesquereux) Eyde and 
Barghoorn, from the Brandon lignite of Vermont (Eyde 
and Barghoorn, 1963) and extant N. javanica (B1.) 
Wangerin of southeast Asia and Malesia (Eyde, 1963). 


Family FAGACEAE Dum. 


The Fagaceae (oak family) are represented in the Nut 
Beds by at least two genera of fruits: Quercus, and 
Castanopsis. Two kinds of fagaceous foliage have been 
recovered from the Nut Beds (Manchester, 1981). In 
addition, two species of fagaceous wood have been 
recognized (Scott and Wheeler, 1992): Quercinium 
crystallifera, with anatomy corresponding both to ex- 
tant Lithocarpus and to evergreen species of Quercus, 
and Fagaceoxylon ostryopsoides. Fagaceoxylon Scott 
et Wheeler is an extinct genus with characters diag- 
nostic of fagaceous wood including aggregate rays, op- 
posite to alternate intervascular pitting, mostly simple 
perforation plates, vasicentric tracheids and variable 
ray-vessel parenchyma pits. As noted by Scott and 
Wheeler (1982), however, the pore arrangement of Fa- 
gaceoxylon, 1.e., diffuse porous with radial multiples 
and clusters arranged in “‘flame-like” tracts, is un- 
known in any living genus. 

The Fagaceae have an excellent fossil record in the 
Tertiary of the northern hemisphere (Daghlian and 
Crepet, 1983; Crepet and Nixon, 1989 a, b; Kvacek 
and Walther, 1989). The Nut Beds flora provides the 
oldest known fruit records of Quercus and Castanopsis. 


Genus CASTANOPSIS (D. Don) Spach. 


Castanopsis crepetii sp. nov. 
Plate 12, figures 6-11 


Etymology.—This species is named after William 
Crepet, recognizing his contributions to the North 
American fossil record of Fagaceae. 

Description.— Fruit a globose nut completely envel- 
oped by cupule, length (15)-39 mm, equatorial di- 
ameter (15)-36 mm; base and apex rounded, surface 
coarse; nutshell 1.8—2.0 mm thick, composed of iso- 
diametric angular sclereids 12—50 «m in diameter or- 
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ganized concentrically into islands of densely packed 
cells among smaller cells, with occasional vascular 
bundles passing through the nutshell; cupule adnate to 
the nut, 1.8-—2.0 mm thick, composed of similar, less 
densely packed cells. Locule cast rounded-conical, 
truncate basally, pointed apically, with meridional 
grooves defining broad-rounded ridges. 

Specimens.— Holotype: UF 9267, large perminer- 
alized fruit. Paratypes: UF 9268, USNM 354811, 
446079, fruits; UF 9597, 9598, locule casts. 

Discussion.—This species is represented by permi- 
neralized fruits and occasional locule casts. The ho- 
lotype is a large, fragmentary permineralized specimen 
showing the globose outer surface of the cupule (PI. 
12, fig. 6), with portions of the cupule and nutshell 
removable to show the apically tapered, basally trun- 
cate, locule cast with longitudinal grooves (PI. 12, figs. 
7,8). Thin sections of the wall clearly show the junction 
of cupule with the nut (Pl. 12, figs. 9, 10). 

In the Fagaceae, some species of both Castanopsis 
and Lithocarpus have globose nuts with complete cu- 
pular coverage and adnation between the nut and cu- 
pule (Camus, 1952-54; Kaul, 1988, 1989). These gen- 
era apparently overlap with one another, as summarized 
by Kaul (1989, p. 68): ““Generic and infrageneric tax- 
onomy in the Lithocarpus—Castanopsis complex has a 
long history of instability (Forman, 1966). Some recent 
authors have accepted the two genera in their broad 
senses, acknowledging some species with intermediate 
character states.” 

Castanopsis piriformis Hick. et A. Camus from An- 
nam, southern Vietnam (PI. 12, figs. 12-15) is an extant 
species that resembles C. crepetii in size, globose shape 
of the fruit, wall structure and locule morphology. 
Transverse sections of the endocarps of these two spe- 
cies reveal remarkable similarity, both at the macro- 
scopic and microscopic levels. In both the fossil and 
the modern species, adnation of cupule and nut is clear- 
ly evident (Pl. 12, figs. 9, 14) and the nutshell wall is 
made up of more-or-less angular sclereids that are 
grouped concentrically to form conspicuous “islands” 
as viewed in transverse section (Pl. 12, figs. 11, 15). 
The anatomical correspondence confirms the identity 
of this fossil to the Fagaceae, and supports placement 
within Castanopsis (providing that the generic assign- 
ment of C. piriformis is correct). Castanopsis also has 
a good fossil fruit record in Europe based upon species 
with small, angular nuts (Mai, 1989). 


Genus QUERCUS L. 


Quercus paleocarpa Manchester 
Plate 12, figures 16-18 


Quercus paleocarpa Manchester, 1976, p. 82, pl. 5, fig. 29. 


Description.— Acorn with prolate to ovate nut cov- 
ered '3 to '2 from base to apex by a thick woody cupule; 
complete fruit length (nut with cupule) 22 mm, width 
15.5-21.8 mm; nut length (without cupule) 14.0-18.0, 
width 11.4-15.6 mm; nut base rounded, apex obtuse; 
relatively smooth, finely longitudinally striate; cupule 
bowl-shaped, height 9.0-10.4 mm, width 18-21 mm, 
with seven concentric exterior transverse ribs; the ribs 
decreasing in thickness from the base to the apical rim. 

Specimens .— Holotype: OMSI Pb176, nut with 
abraded cupule. Hypotypes: USNM 414508, isolated 
cupule; USNM 312758 (Bones, 1979, pl. 6, fig. 9), 
complete, abraded nut. 

Discussion.—This species, representing the oldest 
known acorn, is represented only by a few specimens. 
The most complete specimen, with both the nut and 
cupule intact (Pl. 12, figs. 16, 17) was abraded prior to 
deposition, so that the arrangement of involucral scales 
on the outer surface of the cupule cannot be deter- 
mined. A well-preserved detached cupule (PI. 12, fig. 
18) shows the outer surface in an unworn condition, 
revealing involucral scales arranged in concentric rings. 
I assume that each of these specimens represents the 
same species, although a larger population would be 
desirable to rule out the possibility that two different 
taxa are present. 

Although the cupules of extant species of Lithocar- 
pus and Quercus are often indistinguishable (Kaul, 
1988), the coarse, rather than papery, lamellae of the 
cupule and the limited extent to which the cupule cov- 
ers the nut suggest that the species belongs to Quercus 
rather than Lithocarpus. Cupules with the involucre 
arranged in concentric rings as in this fossil occur in 
the strictly Asian subgenus Cyclobalanopsis of Quer- 
cus, as well as in Lithocarpus. 

Nixon (1989) noted that the cyclic arrangement of 
cupule scales/spines, which also occurs in Chrysolepis, 
Castanopsis, Castanea and Trigonobalanus, is appar- 
ently pleisiomorphic within the Fagaceae, with the 1im- 
bricate-spiral arrangement found in the derived forms 
of Quercus. If this interpretation is correct, then it is 
not surprising that Quercus paleocarpa, the oldest 
known Quercus fruit, should possess a cupule with cy- 
clically arranged scales. 


Family FLACOURTIACEAE DC. 


The Flacourtiaceae are a family of about 90 genera 
and about 875 species of shrubs, less often trees, that 
are chiefly tropical in distribution, but with a few that 
are temperate. The species described below, belonging 
to an extinct genus, is the only member of this family 
recognized from the Nut Beds. The extant genus On- 
coba, recognized in the London Clay flora (Reid and 
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Text-figure 11.—Saxifragispermum tetragonalis sp. nov., trans- 
verse section showing four-valved capsule with parietally attached 
seeds. 


Chandler, 1933) does not appear to be present in the 
Nut Beds collections. 


Genus SAXIFRAGISPERMUM Reid et Chandler 


Saxifragispermum tetragonalis sp. nov. 
Plate 13, figures 1-16; Text-figure 11 


Etymology.— Tetra (Gr = four) + gonia (Gr = angle, 
corner), referring to the four-angled shape of the fruit. 

Description.— Fruit an elongate-obovoid, tetracar- 
pellate, tetravalved loculicidal capsule, nearly circular 
to rounded-quadrangular in cross section; length 6.4— 
11.8, avg. 9.2 mm (SD=1.42, n=20), width 3.0-5.6, 
avg. 4.2 mm (SD=0.63 n=19); base more or less round- 
ed, sometimes with a small projection at the pedicel 
scar, apex pointed; placentation parietal, with four 
elongate placental ribs, one positioned medially on each 
of the four valves of the fruit and extending the full 
length of fruit; seeds numerous, six to eight radiating 
from any given level on the placenta, arranged verti- 
cally in rows about 12 high; interior of fruit solid with 
sinuously arranged fibers 5-18 um in diameter having 
a general longitudinal orientation, among which the 
seeds are embedded: fruit wall comprised of two layers: 
inner layer forming a thin lining (80-120 um thick) of 
longitudinally oriented fibers 12-30 um in diameter 
(this is the layer that forms the placental ribs), outer 
layer (150-200 um thick) formed of similar fibers ori- 
ented horizontally and periclinally; this outer layer 
showing lines of loculicidal dehiscence; pedicel scar 
with five apertures, one central, and four lateral, rep- 
resenting extensions of the placentae. Seeds ovoid, as- 
cending, rounded basally, tapered apically, 0.5—-O0.7 mm 
long, 0.35-0.45 mm wide: seed coat composed of an 
outer layer of mostly quadrangular cells about 15-20 
um wide producing small spine-like simple hairs 18- 
25 um long and an inner layer of transversely elongate 
hexagonal cells about 35-40 um wide and 12-14 wm 
high. 

Specimens.— Holotype: UF 5236 (Bones, 1979, pl. 


4, fig. 4). Paratypes: UCMP 10614-10617, UF 6312, 
6471, 6473-6478, 6575, 6649-6653, 6972, 9897, 
USNM 353999, 354000 (21 specimens), 354001 (7 
specimens), 354002 (2 specimens), 354006-354008, 
354009 (7 specimens), 354010 (2 specimens), 354011, 
355469. 

Discussion.—This species is represented by numer- 
ous permineralized specimens and occasional casts. 
Part of the outer wall is often stripped away when the 
specimens are removed from the matrix, sometimes 
showing the rows of seeds (Pl. 13, figs. 3-5). Serial 
transverse sections reveal as many as eight seeds sur- 
rounding each placenta in a single slice (PI. 13, figs. 7— 
9). The placentae are preserved in white silica and 
appear to have been hollow or parenchymatous (PI. 
13, fig. 9). Scanning electron microscopy of fractured 
specimens illustrates details of the seeds and surround- 
ing fibers (Pl. 13, figs. 11-14). 

These valvate capsules resemble the fruits that Reid 
and Chandler (1933) named Saxifragispermum spi- 
nosissimum (emended diagnosis Chandler, 1961b) from 
the London Clay. Both have median longitudinal pa- 
rietal placentae with about a dozen rows of seeds on 
each placenta; in both taxa the entire cavity of the 
locule is virtually filled with fibers (Pl. 13, figs. 9, 11- 
13). Seeds of the London Clay fossil were originally 
described as spinose and small projections from the 
seed coat were figured by Reid and Chandler (1933, 
pl. 8, fig. 35). However, Chandler (1961b) redescribed 
the seeds more cautiously: ““Testa apparently spines- 
cent (unless this is an effect of decay)”. Thin sections 
of the Nut beds specimens confirm the presence of 
small spines or spine-like trichomes on the seed coat 
(RIBS shese S16): 

Placentation and seed morphology indicate that 
Saxifragispermum is related to the Flacourtiaceae. Al- 
though the generic name suggest affinities to Saxifra- 
gaceae (Reid and Chandler, 1933), Chandler (1961a) 
reported that “Examination of more material and re- 
consideration of the whole evidence necessitates a cor- 
rection of the supposed relationship to Saxifragaceae. 
The single locule with its broad parietal placentae bear- 
ing several rows of seeds is unlike any known Saxifra- 
gaceae, a family which normally shows two or more 
locules. It is highly suggestive of Flacourtiaceae. More- 
over the succession of coats in the seed and the char- 
acter of the chalaza are so closely comparable with the 
same features in Oncoba that the probability of rela- 
tionship with Flacourtiaceae is confirmed.” 

Although clearly congeneric with the London Clay 
fruits, the Nut Beds material can confidently be re- 
garded as a distinct species. The London Clay fruits 
are much wider in diameter, and have larger seeds. S. 
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spinosissimum fruits range from 11.5 to 15.75 mm, 
whereas those of S. tetragonalis range only from 6.4— 
11.8 mm. The London Clay fossils range from four to 
five carpels, whereas the many Nut Beds specimens 
are all tetracarpellate. Carpolithus subfusiformis (Bow- 
erbank) Reid et Chandler (1933), which is known from 
tri- and tetracarpellate fruits, also shows similarity to 
and may, in fact, be conspecific with S. spinosissimum. 


Family HAMAMELIDACEAE R. Br. 


The Hamamelidaceae (witch hazel family), with 29 
extant genera and about 90 species, is divided into four 
subfamilies: the Hamamelidoideae, Rhodoleioideae, 
Exbucklandioideae, and Liquidambaroideae (Endress, 
1989a). The Liquidambaroideae are known to have 
been present in the Eocene based upon Liguidambar 
leaves in the Green River Formation, Utah (Mac- 
Ginitie, 1969), and fruits identified as Steinhauera Presl 
from the Geiseltal of Germany (Mai, 1976), but have 
not been identified from the Clarno Formation. In- 
fructescences from the Clarno Nut Beds formerly iden- 
tified as A/tingia (Scott in Chandler, 1961a; Bones, 
1979) have been shown to represent Macginitiea (Pla- 
tanaceae; Manchester, 1986). The Hamamelidoideae 
are represented in the Nut Beds flora by the single fruit 
and seed species described below, and by inflorescences 
that may or may not represent the same taxon (PI. 14, 
figs. 14-16). The oldest fossils with close affinities to 
the Hamamelidaceae are flowers with intact stamens 
and pollen from the Late Santonian or Early Campan- 
ian of Scania, Sweden (Endress and Friis, 1990). 


Genus FORTUNEARITES gen. nov. 


Etymology.— Fortunearites is named for its similar- 
ity to extant Fortunearia. 
Type species.— Fortunearites endressii sp. nov. 


Fortunearites endressii sp. nov. 
Plate 14, figures 1-13 


Etymology.—The species is named for Peter R. En- 
dress, recognizing his important contributions in un- 
derstanding the systematics and phylogeny of Hama- 
melidaceae. 

Description—Infructescence a spike, with a stout axis 
up to 53 mm long, 2.4 mm in diameter, bearing nu- 
merous closely packed sessile fruits; infructescence 
about 15 fruits in length with up to eight fruits en- 
countered at a given level in transverse section of the 
axis; fruit a bicarpellate, bilocular woody capsule, 
quadrilaterally symmetrical, squarish in longitudinal 
view, elliptical in transverse section, with the long axis 
of ellipse parallel to the infructescence axis; capsule 5— 
7 mm long, 6.8—7.5 wide, 5.0—5.2 mm thick, fruit wall 


0.8-1.0 mm thick; locules more-or-less pyriform, flat- 
tened ventrally where they contact the septum, single- 
seeded; dehiscence of capsules apical by a split bisect- 
ing each of the locules through the major plane of 
symmetry. 

Internal molds of the seed coat obliquely ellipsoidal, 
asymmetrical, pointed apically, rounded basally, 5.8— 
6.2 mm long, 3.3-3.4 mm wide, 2.4-2.8 mm thick, 
length/width ratio 1.7—1.8; hilar scar not evident in 
these molds; surface of mold smooth except for a raised 
ribbon-like raphe band, 0.4-0.5 mm wide extending 
from the front to the back of the seed passing obliquely 
over the base in a u-shaped course with each limb 
extending '/ to *3 of the distance toward the seed apex. 

Specimens.— Holotype: OMSI Pb156 (and counter- 
part, USNM 354581), permineralized infructescence. 
Paratypes: UF 8741, permineralized infructescence; UF 
9258, 9259, locule casts; UF 6530 9330, USNM 
424632, 424651, internal molds of seed coat. 

Discussion.— This species is represented by two per- 
mineralized infructescences (e.g., Pl. 14, figs. 1, 2), a 
few locule casts (e.g., Pl. 14, figs. 6-9), and several 
endosperm casts (e.g., Pl. 14, figs. 10-13) from the Nut 
beds. Tangential sections of the infructescence inter- 
cept individual fruits transversely (Pl. 14, figs. 3, 4) 
showing the thick walls and bilocular construction of 
the capsules. Seeds are not preserved within the in- 
fructescences and it is likely that they had dispersed 
prior to deposition. Isolated seeds (actually internal 
molds of the seed coat, Pl. 14, figs. 10-13) correspond 
in shape and size to the locules of the infructescences. 
The capsule morphology matches that of extant genera 
in the subfamily Hamamelidoideae. Genera of this 
subfamily have one seed per carpel, which is ejected 
explosively at maturity. The large number of fruits on 
the axis, and seed characters discussed below, suggest 
affinity with extant S7mowi/sonia and Fortunearia. 

Endress (1989b) indicated that seeds of extant Ha- 
mamelidoideae are structurally constrained by the ex- 
plosive dehiscence mechanism so that fruit and seed 
structure is extremely uniform throughout the subfam- 
ily, making it difficult to determine the affinities of 
fossil seeds down to the generic level. Subsequently, 
Grote (1989) found differences in hilar scar morphol- 
ogy among some of the extant genera that enabled 
recognition of Corylopsis seeds in the Eocene of Ten- 
nessee. In addition, I have observed differences in the 
course of the raphe that set Simowilsonia and Fortu- 
nearia apart from other genera of the subfamily. In 
reviewing the seed anatomy of selected extant genera 
of Hamamelidaceae, Mohana Rao (1974) indicated that 
seeds of Hamamelis, Parrotia and Sinowilsonia have 
a raphe with vascular bundles running along one side 
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Text-figure 12.—Transverse sections of Hydrangea knowltonii sp. 
nov., showing deeply intruded parietal placentae and numerous seeds. 
A, Tricarpellate capsule. B, Bicarpellate capsule. 


of the seed ending at the chalaza. In dissections of 
modern seeds I found that the raphe bundles indeed 
run their course on only one side of the seed and ter- 
minate basally in Eustigma, Loropetalum, Matudaea, 
Parrotia, and Hamamelis. However, in Fortunearia 
sinensis Rehder et Wilson and Sinowilsonia henryi 
Hemsley these bundles curve over the base of the seed 
and extend apically on both sides of the seed. The 
strap-like ridge on the internal seed molds of Fortu- 
nearites (Pl. 14, figs. 10-13), representing the raphe, 
conforms to the morphology in Fortunearia and Si- 
nowilsonia. These two genera have been recognized as 
sister taxa on the basis of other characters and are 
placed with the more distantly related Eustigma in the 
subtribe Eustigmateae Harms (Endress, 1989a, c). 

Compact globose staminate inflorescences with ha- 
mamelidaceous pollen have also been recovered from 
the Nut Beds (Pl. 14, figs. 14-16, Pl. 15, figs. 1-5). 
These inflorescences are apparently unisexual with 
flowers having a pair of pistilodes, a whorl of ten sta- 
mens and staminodia, five narrow petals and five se- 
pals with a dense covering of stellate trichomes (PI. 14, 
fig. 16). Only two specimens have been recovered (UF 
5567, 6109). Since they appear to belong to the Ha- 
mamelidoideae, it is possible that these inflorescences 
also belong to Fortunearites. The flowers share with 
Fortunearia and Sinowilsonia the presence of narrow 
petals, and conspicuously introrse anthers. On the oth- 
er hand, they differ from those of extant Fortunearia 
and Sinowi/sonia in having ten stamens + staminodes 
per flower (PI. 14, fig. 15) rather than five. Pollen from 
the stamens of the fossil (Pl. 15, figs. 1-5) is more 
similar to that of other genera such as Hamamelis and 
Corylopsis than to that of extant Fortunearia and Si- 
nowilsonia (Bogle and Philbrick, 1980). If these inflo- 
rescences indeed belong to the same species as the 
infructescence, then the case for treating Fortunearites 
as an extinct genus is strengthened. 
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Family HYDRANGEACEAE Dumort. 


The Hydrangeaceae include 17 extant genera and 
about 170 species of trees, shrubs, lianas and herbs, 
predominately temperate and distributed mostly in the 
northern hemisphere. Morphological, chemical and 
chloroplast DNA (rbcL) characters indicate that Hy- 
drangeaceae are closely allied to the Cornaceae (Mor- 
gan and Soltis, 1993; Xiang et al., 1993). The family 
is represented in the Tertiary of Europe by fruits of 
Dichroa, Hydrangea, Schizophraqma and Itea (Mai, 
1985). The showy, usually tetrasepalous, sterile flowers 
of Hydrangea are easily identified (Pl. 15, figs. 6, 9) 
and have been recognized from many Tertiary local- 
ities in western North America. 


Genus HYDRANGEA L. 


Hydrangea knowltonii sp. nov. 
Plate 15, figures 7, 8; Plate 16, figures 1-15; 
Text-figure 12 


Etymology.—This species is named after the late 
Frank H. Knowlton, who was the first to recognize 
flowers of this genus in the Tertiary of North America. 

Description.—Infructescence a compound, trichot- 
omously branching dichasium at least 43 mm long; 
pedicels 1.5—2.7 mm long; fruits bicarpellate and tri- 
carpellate obovoid to subconical capsules. Fruit di- 
mensions from compression specimens: length 1.2—2.0 
mm, width |.5—2.2 mm; base acute, apex truncate with 
an epigynous disk; exterior of fruit with about ten lon- 
gitudinal ribs; styles two to three, persistent, free, 0.6— 
0.8 mm long. 

Silicified fruits bicarpellate and tricarpellate multi- 
seeded thin-walled capsules, prolate, two- to three-lobed 
and correspondingly bi- and trisymmetrical; locule casts 
rounded apically and basally, height 2.4—4.0, avg. 3.3 
mm (SD=0.44, n=20), maximum width in bilobed 
specimens 3.2—4.2, avg. 3.8 mm (SD=0.34, n=13), 
maximum width in trilobed specimens 3.2—4.5, avg. 
4.1 mm (SD=0.53, n=5), width of individual lobes 
2.3-3.8, avg. 3.1 mm (SD=0.41, n=15); endocarp wall 
about 45 um thick, composed of transversely aligned 
fibers; apical end of the locule cast with a characteristic 
two- or three-angled wedge (silica-filled dehiscence 
opening) at the intersection of the two or three carpels; 
fruit unilocular, placentation deeply intruded parietal, 
almost axile, septa 90 um thick, bifurcating near the 
center of fruit and producing a placenta from each arm. 
Seeds numerous, tiny, winged, 625 wm wide, 225-270 
um thick and 900 or more um long, with a peg-like 
hilum and a flattened, elliptical central body, encircled 
longitudinally by a wing; seed coat uniseriate, made 
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up of rectangular cells 33-58 wm in diameter, drawn 
out laterally into a flange that forms the wing (typically 
180 um wide); embryo straight to sinuous. 

Specimens.— Holotype: UF 6445, locule cast. Para- 
types: OMSI Pb475, Pb697, infructescence compres- 
sions, UCMP 10668, 10669, UF 6444, 6446, 8691- 
8699, 9384, 9385, 9423, 9883, USNM 312763 (Bones, 
1979, pl. 6, fig. 11), 312764 (Bones, 1979, pl. 6, fig. 
12), 355390, 355464 (3 specimens), 355651 (2 speci- 
mens) 355652 (13 specimens), 355658, locule casts. 

Discussion.— Hydrangea is represented in the Nut 
Beds by a few compression specimens from the leaf 
horizon at the base of Face 3 and by many isolated 
chalcedony locule casts from the upper part of Face 3. 
The affinities of the compression fossils are readily 
apparent because the trichotomous mode of branching 
of the infructescences (Pl. 15, fig. 7) and the morph- 
ology of the fruits with their longitudinal ribbing, epig- 
ynous disk, and persistent styles (PI. 15, fig. 8) precisely 
match the extant genus (PI. 15, fig. 9). 

The isolated silicified fruits were more difficult to 
identify at first because surface details, including the 
disk and persistent styles, are not preserved. Instead, 
the specimens are preserved mainly as locule casts with 
only occasional details of the fruit wall remaining. The 
distinctive, transversely striate locule casts vary from 
two- to three-lobed, i.e., two to three-carpellate and 
have a conspicuous two- to three-armed apical “wedge” 
(Pl. 16, figs. 1, 3, 6) representing the dehiscence open- 
ing. Five tricarpellate (e.g., Pl. 16, figs. 1, 2) and 17 
bicarpellate specimens (e.g., Pl. 16, figs. 3, 4) were 
observed. In addition, numerous specimens are rep- 
resented by detached unicarpellate lobes of the locule 
cast, broken in the process of collecting. Although the 
fruit wall itself is usually not preserved, striations on 
the locule casts (Pl. 16, figs. 1-7, 9) indicate that the 
surrounding endocarp was composed of transversely 
oriented fibers. The pericarp is partially preserved in 
one specimen (Pl. 16, fig. 9) showing that the thin 
endocarp is surrounded by a mesocarp composed 
mostly of isodiametric cells but with widely spaced 
longitudinally oriented bands of fibers. The longitu- 
dinal fiber bands of the outer layer in the silicified 
specimen correspond to those readily observed on the 
impression specimens (PI. 15, fig. 8). 

Due to the translucency of the chalcedony locule 
casts, seeds can sometimes be observed within them 
as tiny dark spots. Microscopic details of individual 
seeds may be observed both in thin sections of the 
fruits (Pl. 16, figs. 12, 13) and in preparations made 
by dissolving the fruits in hydrofluoric acid (Pl. 16, 
figs. 14, 15). The seeds have a thick, peg-like hilum 
and are winged. Serial transverse sections of the silic- 
ified specimens show that the seeds were borne on 


deeply intruded placentae (Pl. 16, figs. 8, 10, 11), as 
illustrated in Text-fig. 12. 

In fruit shape and size, apical dehiscence, wall anat- 
omy, placentation, seed morphology, and in the vari- 
ability between two- and three-carpellate fruits, these 
specimens correspond precisely to extant Hydrangea. 
In her monograph of the genus, McClintock (1957) 
noted that variations in seed morphology (seeds cau- 
date or not, winged or not) are of systematic utility. 
Seeds with a circular wing surrounding the entire seed 
body are confined to Hydrangea, section Hydrangea, 
subsection Calyptranthe (Maxim.) McClintock, which 
has a single modern species, H. anamola D. Don, a 
widely distributed species extending from eastern 
Himalyaya of northern India to Korea and Japan (PI. 
16, fig. 16). 

Hydrangea is also known from other localities of the 
Clarno Formation (West Branch Creek, White Cliffs, 
Gonser Road) on the basis of conspicuous tetrasepal- 
ous sterile flowers (Pl. 15, fig. 6) as well as by fruiting 
dichasia similar to that described above. Today, Hy- 
drangea includes about 23 modern species that are 
distributed from the Himalayas to Japan and Malesia, 
eastern North America, northern Central America and 
western South America. 


Family ICACINACEAE Miers 


The Icacinaceae are a family of trees, shrubs and 
lianas, mostly of tropical distribution, with about 60 
extant genera and 320 species. Fruits typically are uni- 
locular, single-seeded drupes. The family is tradition- 
ally divided into four tribes (Engler, 1897, 1964): the 
Icacineae (mostly trees, shrubs, seldom climbers, ves- 
sel perforations typically scalariform), the Iodeae (li- 
anas with dioeceous flowers and vessels with simple 
perforations), the Sarcostigmateae (lianas, fruit locule 
weakly wrinkled) and the Phytocreneae (lianas, fruit 
locule warty or spiny). The general validity of these 
tribes was supported by studies of vegetative anatomy 
(Bailey and Howard, 1941; Howard, 1942), although 
there is need for refinement. The family is common in 
the early Tertiary of western North America, Europe 
and Asia, as reviewed by Tanai (1990). The family 1s 
represented in the Nut Beds by five genera and eight 
species: Comicilabium, Iodes (two spp.), Jodicarpa (two 
spp.), Palaeophytocrene (two spp.), Pyrenacantha. 
These genera belong to the tribes Iodeae and Phyto- 
creneae, and thus probably represent lianas. 


Tribe IODEAE Engler 
Genus IODES Blume 


Iodes multireticulata Reid et Chandler 
Plate 17, figures 1-8 
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Description.—Endocarp bilaterally symmetrical, 
unilocular, single-seeded, broadly oval or ovate, lat- 
erally compressed in the plane of symmetry, lenticular 
in transverse section, pointed apically, rounded ba- 
sally; length 3.5-4.7, avg. 4.0 mm (SD = 0.51, n = 4), 
width 6.4-8.0, avg. 7.1 mm (SD = 0.66, n = 4), thick- 
ness 8.0-10.0, avg. 9.3 mm (SD = 0.96, n = 4); exterior 
of endocarp with reticulate pattern of sharp ridges that 
delimit numerous shallow polygonal depressions, giv- 
ing the appearance of areolate venation with occasional 
simple freely ending veinlets; with a keel surrounding 
the fruit in the plane of symmetry, this keel thicker on 
one of the lateral margins than on the other, containing 
the funicular canal which runs from the base to the 
apex; endocarp wall 450 um thick, formed of dense 
sclerenchyma (details of cell shape not known). Locule 
cast similar in shape to the endocarp, but without sharp 
ridges, having 40—5O shallow depressions on each side, 
corresponding to the reticulations of the endocarp; 
length 6.0-11.7, avg. 7.6 mm (SD=1.7, n=11), width 
4.5-9.7, avg. 6.1 mm (SD=1.42, n=11), thickness |.2- 
4.4, avg. 2.8 mm (SD=0.88, n=10); locule cast surface 
dotted with closely and regularly spaced fine punctae 
(15-21 um in diameter), about 12-16 per square mm; 
seed anatropous, pendulous, with apical hilum, basal 
circular chalaza (0.8—1.0 mm in diameter) and the ra- 
phe running longitudinally across one lateral face; sur- 
face of seed coat composed of rows of square to rect- 
angular cells, 20-30 um in diameter. 

Specimens.—UCMP 10702, endocarp cast; UF 6458, 
USNM 446053, endocarp mold and locule cast; OMSI 
Pb180, UCMP 10714, UF 8592-8595, 9805, USNM 
354779, 354781, 355034, 355526, 422394, 424647, 
locule casts; HU 59974, one endocarp valve. Holotype: 
BM v22589, locule cast from the London Clay. 

Discussion.— This species is represented in the Nut 
Beds collections primarily by chalcedony locule casts, 
which are readily recognized by their faceted surfaces 
(Pl. 17, fig. 5). Close examination reveals regularly 
spaced fine punctae on the surface (Pl. 17, figs. 7, 8), 
indicating that the inner lining of the endocarp was 
papillate, as in extant Jodes (e.g., I. cirrhosa, Pl. 19, 
fig. 18). The endocarp itself is usually not preserved, 
but is represented by a space in the rock between the 
locule cast and the sedimentary mold of the endocarp 
exterior. The conspicuous reticulate sculpture of the 
endocarp surface may be seen on the surface of rare 
endocarp casts (PI. 17, figs. 1, 2) and as an impression 
in the sedimentary molds of the endocarp (PI. 17, figs. 
3, 4). In some of the locule casts, a thin layer of chal- 
cedony has fractured away to expose cells of the seed 
coat, and in some cases morphological features of the 
seed, including the hilum, raphe and chalaza, are readi- 
ly apparent on the locule cast surface (Pl. 17, fig. 5). 

The Nut Beds specimens conform closely in all de- 


tails of their preservation to the fossils designated Jodes 
multireticulata Reid et Chandler (1933) from the Lon- 
don Clay flora (Reid and Chandler 1933), and I have 
found no morphological or anatomical features to dis- 
tinguish them as a separate species. Papillae lining the 
locule are reported by Reid and Chandler to be 0.05 
mm in diameter, whereas those on the Clarno speci- 
mens measure 0.16 to 0.21 mm. This difference may 
be attributed to measurements being taken from near 
the apex, rather than at the basal neck of the balloon- 
like papillae. 

Placement of this species in the Icacinaceae is jus- 
tified by many features including the bilaterally sym- 
metrical, unilocular fruits, marginal funicular canal, 
and the raphe running along one of the flattened faces 
(Reid and Chandler, 1933). Assignment to the tribe 
Iodeae is supported by the combination of reticulate 
endocarp sculpture and papillate locule lining. The fos- 
sil endocarps are somewhat smaller than endocarps of 
the living species of Jodes that I have examined. Other 
genera with similar endocarps that are faceted and have 
papillate locules include Hosiea Hemsley and E. Wil- 
son, with two species in China and Japan (see Mai and 
Walther, 1978; Mai, 1987 for fossil reports), and Nat- 
siatum Buch.-Ham. ex Arn. with one species from east- 
ern Himalaya to southeast Asia. Chandler (1962) at- 
tributed an Eocene British species to Natsiatum on the 
basis of comparison with N. sinense Oliv.; however, 
this extant species is now treated as Hosiea sinensis 
(Oliv.) Hemsl., and Chandler’s species was subse- 
quently placed in Hosiea (Takhtajan, 1966; Mai and 
Walther, 1978). 

Seeking characters by which to distinguish the en- 
docarps of Hosiea and Natsiatum from those of Iodes, 
I examined specimens of Hosiea japonica, H. sinensis 
and Natsiatum herpeticum Ham. at the US National 
and Harvard herbaria. Transverse fractures revealed 
that endocarps of each species have a papillate locule 
lining like that of Jodes, but lack a funicular canal 
within the endocarp (presumably this runs along the 
outside of the endocarp). By contrast, transverse sec- 
tions of Jodes endocarps clearly showed the funicular 
canal within the endocarp along one of the lateral mar- 
gins in the plane of symmetry. Although the preser- 
vation of the fossil does not show the funicular position 
unequivocally, it is interpreted to have been within the 
endocarp, supporting the placement in extant Jodes. 
The position of the funicle in extant Natsiatum remains 
to be determined. Jodes, which ranges today from In- 
domalaya to Africa and Madagascar, is distinguished 
from other similar genera of the family by its opposite 
leaves, a condition that cannot be assessed from the 
isolated fossil fruits. 

Todes, and/or closely related genera, are common in 
the Eocene of both Europe and North America. In 
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summarizing records from the Eocene of England, 
Chandler (1962) recognized about five species of odes 
and one species assigned to Natsiatum, with species 
distinguished on the basis of differences in overall shape, 
number and prominence of depressions on the locule 
cast surface, presence/absence of stylar horns, and the 
spacing and size of papillae lining the locule. Using 
similar criteria, Knobloch and Mai (1986) provided a 
morphological key to six European Tertiary fruit spe- 
cies assigned to Jodes. Subsequently, Mai (1987) rec- 
ognized two species of Hosiea and one of Jodes from 
the Paleocene of Germany. Collinson (1988) lists Nat- 
siatum among fruits from the Middle Eocene Messel 
flora of Germany, an example of which is figured by 
Schaarschmidt (1988, p. 42). Similar endocarps are 
preserved as impressions at other localities of the Clar- 
no Formation and in the middle Eocene Bridger For- 
mation of southwestern Wyoming (Blue Rim site, UF 
loc. 15761; S. R. Manchester, pers. obs.). 


Iodes chandlerae sp. nov. 
Plate 17, figures 9-16 


Etymology.—This species is named in memory of 
Marjorie E.J. Chandler, recognizing the importance of 
her contributions to the study of fossil Icacinaceae and 
other plant families. 

Description.—Locule cast more or less ovoid, bilat- 
erally symmetrical, somewhat compressed in the plane 
of symmetry, elliptical in cross section; length 7.2-9.5, 
avg. 8.4 mm (SD=0O.99, n=8), width 6.2—7.2, avg. 6.9 
mm (SD=0.37, n=8), thickness 4.3-5.6, avg. 5.2 mm 
(SD=0.59, n=8); base truncate, apex asymmetric, 
pointed; a keel or prominent ridge follows the plane 
of symmetry from base to apex; in addition a promi- 
nent ridge runs medially across the lower half of both 
longitudinal faces; the ridges intersect at right angles 
over the basal truncation; surface on some specimens 
faintly faceted and dotted with fine punctae. Seed one 
per locule, surface of seed coat composed of rows of 
square to rectangular cells 20-30 um in diameter ar- 
ranged in rows. 

Specimens.— Holotype: USNM 424743. Paratypes: 
UCMP 10650, 10651, UF 9602, USNM 312760 
(Bones, 1979, pl. 4, fig. 8), 355408 (3 specimens), 
355486 (2 specimens), 355402, 422383, 424740- 
424743. 

Discussion.—Locule casts of J. chandlerae differ from 
those of J. multireticulata by their more inflated, thick- 
er appearance, less obvious surface depressions and 
truncate base. The affinities were unclear until a few 
specimens showing the characteristic punctae were 
found, indicating a fruit with a papillate locule. In one 
of the locule casts a layer was broken away, revealing 
a seed cast inside with details of the raphe and chalaza, 
and features of the seed coat surface (Pl. 17, figs. 9, 


10). The truncate base with a cross-like pattern of four 
intersecting meridional ribs (PI. 17, figs. 14-16) some- 
times occurs in extant Jodes and is also seen in the 
icacinaceous fossil, Palaeophytocrene pseudopersica (PI. 
20, fig. 10). The distribution and size of punctae (PI. 
17, figs. 11, 12) are similar to that of Jodes multireti- 
culata. Because the species is known only from chal- 
cedony locule casts, external features of the endocarp 
remain unknown. 


Genus IODICARPA gen. nov. 


Etymology.—TIodeae (an extant tribe of Icacinaceae) 
+ karpos (Gr = fruit). 

Generic Diagnosis.—Endocarp ellipsoidal, bilater- 
ally symmetrical, compressed in the plane of sym- 
metry, length 26-56 mm, width 20-35 mm, thickness 
9-21 mm, unilocular, single-seeded, endocarp two- 
valved with dehiscence along the plane of symmetry; 
funicular canal passing from base to apex through the 
endocarp wall on one side in the plane of symmetry; 
endocarp wall thick (2-4 mm), composed of interlock- 
ing digitate cells with numerous intracellular spaces; 
locule smooth, lined by rounded balloon-shaped pa- 
pillae. 

Type species.—Iodicarpa ampla sp. nov. 

Discussion.—Iodicarpa is represented by two species 
in the Nut Beds assemblage. The fruits are easily dis- 
tinguished from those of Jodes by their large size and 
thick endocarp wall, but resemble /odes in general form, 
endocarp wall composed of digitate cells and papillate 
locule lining (PI. 19, fig. 18). 

It was considered that these fossils might be placed 
in the genus Jcacinicarya Reid et Chandler. cacini- 
carya was established to accommodate fossil endo- 
carps and seeds with characters diagnostic of the family 
Icacinaceae, but not assignable to a particular modern 
genus or section (tribe) within the family (Reid and 
Chandler, 1933). However, the Nut Beds fossils clearly 
conform to the tribe Iodeae, and differ from the Lon- 
don Clay species of Icacinicarya. Of the 12 species 
attributed to Jcacinicarya by Reid and Chandler (1933), 
I. platycarpa (the first species that they described) 1s 
hereby designated the type species. The locule of /. 
platycarpa is faceted, the locule lining is not papillate 
and the endocarp is formed of small cells “with no 
appearance of digitation, although some of the cells 
show sinuous outlines” (Reid and Chandler, 1933, p. 
345). Iodicarpa does not appear be represented among 
the London Clay fossils. 


Iodicarpa ampla sp. nov. 
Plate 18, figures 1-6, 11 


Etymology.—Ampla (L = large) referring to the large 
size of these fruits relative to those of Iodes. 
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Description.—Endocarp ellipsoidal, bilaterally sym- 
metrical, compressed in the plane of symmetry, with 
a width/thickness ratio of about 1.6, unilocular, single- 
seeded, endocarp length 26-35, avg. 31 mm (SD=2.66, 
n=12), width 21.0-30.4, avg. 26.0 mm, (SD=3.27, 
n=12), thickness 10.0-17.0, avg. 13.6 mm (SD=1.98, 
n=12), outer surface (rarely preserved) with a network 
of sharp ridges defining numerous polygonal areas in 
a pattern resembling areolate venation; worn endocarp 
surface rugulate, with rugulae mostly oriented longi- 
tudinally; endocarp two-valved with plane of splitting 
along the plane of symmetry; funicular canal passing 
from base to apex through the endocarp wall on one 
side in the plane of symmetry; endocarp wall 4.2 mm 
thick, composed of three anatomical layers: the outer 
Y; made up of interlocking thick-walled anticlinally 
elongate cells with sinuous margins, 70-150 um long 
and 50-63 um wide; middle “3 composed of similar 
elongate sinuous-walled cells mostly oriented longi- 
tudinally; inner ’3 composed of similar but smaller 
interlocking cells; locule lined by rounded balloon- 
shaped papillae, 20-33 um wide, 27-33 um long. 

Specimens.— Holotype: USNM 354788, perminer- 
alized endocarp. Paratypes: OMSI Pb245, UF 8596, 
8618, UM 29940, USNM 354782, 355269, 446055, 
446085, endocarps; USNM 354159, 354198, 354241, 
354787, 354789, 354790, 354794, 354797, 354801, 
354802, 354804, 354806, 354808, 354813, 354814, 
354818, 354820, 354821, locule casts. 

Discussion.—This species is represented by permi- 
neralized endocarps and chalcedony locule casts. Be- 
cause of the way in which the carbonized or incom- 
pletely permineralized endocarps break out of the hard 
matrix with part of the wall remaining attached to the 
mold, the outermost surface of the endocarp is only 
rarely visible. The reticulate ridge pattern of the true 
endocarp surface is best seen as an impression surface 
on the sedimentary mold from which a carbonized 
endocarp has been removed (PI. 18, fig. 3). Transverse 
sections of permineralized endocarps reveal the thick- 
ness and bivalved construction of the endocarp wall 
and the position of the funicular canal (Pl. 18, fig. 6). 
Thin sections show sinuous-walled cells making up the 
endocarp wall and papillae lining the locule (Pl. 18, 
fig. 11). 

This species corresponds to the Icacinaceae in the 
presence of two endocarp valves, one locule, one seed 
and with the funicle running through the thickness of 
the endocarp wall on one of the lateral margins, in the 
plane of bisymmetry (PI. 18, fig. 6). Jodicarpa ampla 
resembles the extant genus /Jodes in the course of the 
funicle, the papillate locule lining and the reticulate 
ridge pattern of the endocarp surface. However, the 
fossil fruits are much larger and have thicker walls than 


those of any modern species of the Jodes, and have a 
smooth, rather than faceted, locule. 


Iodicarpa lenticularis sp. nov. 
Plate 18, figures 7-10, 12-14 


Etymology.—Lentis (L = lens-shaped), referring to 
the endocarp and locule cast morphology. 

Description.—Endocarp ellipsoidal, bilaterally sym- 
metrical, compressed in the plane of symmetry, len- 
ticular in cross section, unilocular, single-seeded, width/ 
thickness ratio 1.9—2.2; endocarp length 31.6-56.1, avg. 
44.0 mm (SD=9.2, n=7), width 20.0-35.0, avg. 30.1 
mm (SD=5.2, n=8), thickness 9.4—20.5, avg. 4.9 mm 
(SD=33, n=8) (smaller one, UF 9745, 24 mm long, 
21.4 mm wide, 12.5 mm thick), exterior of endocarp 
relatively smooth; endocarp two-valved with dehis- 
cence along the plane of symmetry; funicular strand 
running in a conspicuous canal along a lateral margin 
of the endocarp within the wall; endocarp wall 2.0-2.5 
mm thick, composed of three anatomical layers: the 
outer 4 composed of interlocking thick walled anti- 
clinally elongate cells with sinuous margins, 60-220, 
avg. 130 um long and 30-65, avg. 45 um wide; middle 
¥; composed of similar elongate sinuous cells mostly 
oriented longitudinally; inner /3 composed of smaller 
isodiametric cells, 10-15, avg. 13 wm in diameter; loc- 
ule lined by rounded balloon-shaped papillae, 18-25, 
avg. 21 wm wide, 18-30, avg. 20 wm long; seed coat 
uniseriate, composed of thin walled polygonal cells, 
15-25, avg. 20 wm in diameter. 

Specimens.— Holotype: USNM 354816, perminer- 
alized endocarp. Paratypes: UF 8585-8591, 8614, 
8615, 8616, 9745, UM 29943, USNM 354816, 354796, 
354833, 354834, 354842, 354850, 354979, 354985, 
endocarps; USNM 354793, 354795, 354852, locule 
casts. 

Discussion.—A locule cast of this species was illus- 
trated by Scott (1954, pl. 16, fig. 31), but not named; 
only one specimen was known at that time. Specimens 
are preserved variously as isolated chalcedony locule 
casts, individual endocarp valve casts, and as complete 
carbonized or permineralized endocarps. Sections of 
permineralized endocarps reveal that the wall 1s com- 
posed of elongate cells with sinuous walls and show 
the conspicuously papillate locule lining (Pl. 18, figs. 
12-14). These anatomical features, along with the two- 
valved, unilocular, single-seeded endocarps, confirm 
the position of this species as a member of the Icaci- 
naceae. 

Anatomically, the endocarp of Jodicarpa lenticularis 
is virtually identical to that of J. amplum. However, 
I. lenticularis is readily distinguished by its greater 
length and commonly more compressed form, giving 
a greater width to thickness ratio, and by its smooth, 
rather than sculptured, endocarp surface. 
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Genus Comicilabium gen. nov. 


Etymology.—Comicus (L = funny) + labium (L = 
lip), referring to the shape of the funicular bulge. 
Type species.—Comicilabium atkinsii sp. nov. 


Comicilabium atkinsii sp. nov. 
Plate 19, figures 1-9 


Etymology.—This species is named for Alexander 
Atkins, in recognition of his invaluable assistance with 
field work at the Nut beds. 

Description.—Endocarp subglobose, bilaterally sym- 
metrical, unilocular, single-seeded, somewhat com- 
pressed in the plane of symmetry; length 18.2-30.2, 
avg. 29.0 mm (SD=8.49, n=7):; width 24.0-42.4, avg. 
30.9 mm (SD=7.02, n=7); thickness 21.0—30.2, avg. 
25.0 mm (SD=3.35, n=6); with about five faint lon- 
gitudinal grooves on both faces, radiating from a point 
at the base and extending toward the apical bulge; a 
fine groove running along the surface in the plane of 
bisymmetry disappearing over the apical bulge; apical 
bulge forming a conspicuous lip with a transverse slit 
8-9 mm wide perpendicular to the plane of bisym- 
metry; funicular canal running longitudinally within 
the endocarp wall in the plane of symmetry on one 
side, turning inward at the apical bulge: endocarp wall 
2-4 mm thick with a compact structure made up in- 
terlocking (jig-saw puzzle-like) digitate cells; cells of 
the outer part elongated with long axes anticlinal, 25— 
100 um in diameter; those of the inner part of the 
endocarp elongate with long axes horizontal/periclinal, 
10-12 wm in diameter, typically 75 um long; locule 
lined by short bubble-like papillae 12-15 wm in di- 
ameter; locule cast smooth, rounded basally, tapering 
to a point apically, with a keel along one side in the 
plane of symmetry. 

Specimens.— Holotype: USNM 354783. Paratypes: 
UF 8596, OMSI Pb245, UM 29941, 66136, USNM 
354782, 355269, 446055, 446084, endocarps; USNM 
354159, 354198, 354241, 354787, 354790, 354794, 
354797, 354801, 354802, 354804-354806, 354808, 
354813, 354814, 354818, 354820, 354821, locule casts. 

Discussion.—This species is represented by endo- 
carp casts, permineralized endocarps, and locule casts. 
It is conspicuous by the prominent apical placental 
bulge where the funicle curves into the locule (Pl. 19, 
figs. 1, 2, 5), and by the longitudinally oriented grooves 
on the endocarp surface. A surface groove in the plane 
of bisymmetry (PI. 19, figs. 2-4) indicates that the fruits 
were two-valved. Sectioned permineralized endocarps 
reveal a thick endocarp wall (Pl. 19, figs. 7, 8), a single 
seed with paired subplanar cotyledons (Pl. 19, fig. 7), 
and papillae lining the locule (PI. 19, fig. 9). 

The combination of a unilocular endocarp, having 


the funicle on one side in the plane of symmetry, in- 
terlocking digitate cells and papillate locule lining con- 
firms affinities with the Icacinaceae. The papillate loc- 
ule lining is a condition found sporadically in the tribes 
Iodeae and Phytocrenae, and is seen in other icacin- 
aceous genera from the Nut Beds including Jodes (PI. 
17, fig. 8), Jodicarpa (Pl. 18, figs. 12, 14), and Palaeo- 
phytocrene (P\. 20, fig. 5). Because I have not found a 
modern genus with precisely corresponding morphol- 
ogy, I conclude that this species represents and extinct 
genus, for which the name Comicilabium is estab- 
lished. Comicilabium differs from Jodicarpa by the large 
funicular bulge, the straight meridional furrows, and 
its greater thickness measured across the plane of sym- 
metry. In addition, Comicilabium atkinsii differs from 
the Clarno species of Jodicarpa in having larger, shorter 
papillae. 


Tribe PHYTOCRENEAE Engler 
Genus PALAEOPHYTOCRENE Reid et Chandler 


The genus Palaeophytocrene was established by Reid 
and Chandler (1933) to accommodate fossil fruits with 
tuberculate endocarps similar to those occurring in the 
extant tribe Phytocreneae of the Icacinaceae. These 
fossils are easily recognized by the prominent pits (tu- 
bercles) on the surface of endocarps and locule casts, 
and are relatively common in the Nut Beds (Scott, 
1954). In the distribution and nature of tubercles on 
the surface of the endocarp, the fossil genus resembles 
modern Phytocrene Wall (Pl. 19, fig. 16). As Reid and 
Chandler (1933) observed, however, the tubercles of 
Palaeophytocrene extend well into the locule whereas 
those of Phytocrene protrude only slighty, if at all, into 
the locule (PI. 19, fig. 17). Other extant genera with 
tuberculate endocarps include Miquelia Meissn., Chla- 
mydocarya Baill., and Pyrenacantha Hook. These gen- 
era occur today in the Old World tropics. Detailed 
anatomical studies of extant fruits of the Phytocreneae 
have not been published, aside from the observations 
of Reid and Chandler (1933), and the functional sig- 
nificance of the tubercles (or “canals”, Scott, 1954) 
remains unknown. In contrast to Jodes, Comicilabium, 
and the Jodicarpa species treated above, Palaeophy- 
tocrene, Phytocrene and Pyrenacantha do not show a 
funicle in cross sections of the endocarp. 

Palaeophytocrene is now known from many Paleo- 
gene localities in the northern hemisphere, including 
the Paleocene of North Dakota and Wyoming (Crane 
et al., 1990), the early Eocene Chalk Bluffs flora of 
California (MacGinitie, 1969, p. 132), the middle Eo- 
cene of Messel, Germany (Collinson, 1988), Republic 
Washington (W. Wehr, pers. comm.), and Bonanza, 
Utah (S. R. Manchester, pers. obs.), the Oligocene Gray 
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Butte, (M. A. Ashwill, pers. comm.), Dugout Gulch 
and Willamette (S. R. Manchester, pers. obs.) floras of 
Oregon, as well as from the London Clay flora (Reid 
and Chandler, 1933; Collinson, 1983). 

Scott (1954) recognized three species of Palaeophy- 
tocrene from the Nut Beds: P. foveolata Reid et Chan- 
dler, P. pseudopersica Scott and P. hancockii Scott, 
based upon six, three and one specimens, respectively. 
A much larger collection of Palaeophytocrene endo- 
carps and locule casts is now available, leading to a 
revised interpretation of this complex. I adopt only 
two of Scott’s Palaeophytocrene species for the Nut 
Beds material: P. hancockii and P. pseudopersica. Of 
the three specimens attributed by Scott (1954) to the 
London Clay species P. foveolata Reid et Chandler, 
one (his pl. 16, fig. 3) is treated here as Palaeophyto- 
crene pseudopersica, and two (pl. 16, figs. 1, 2) belong 
to Pyrenacantha occidentalis sp. nov. 


Palaeophytocrene hancockii Scott emend. 
Plate 20, figures 1-5 


Palaeophytocrene hancockii Scott 1954, p. 81, pl. 16, figs. 6, 7. 


Description.—Endocarp large, ovoid, bilaterally 
symmetrical, unilocular, single-seeded, somewhat 
compressed in the plane of symmetry, length 38.5— 
85.0, avg. 64.6 mm (SD=12.64, n=12), width 26.9- 
50.0, avg. 37.2 mm (SD=6.53, n=11), thickness 20.0- 
35.0, avg. 28.4 mm (SD=4.56, n=9); outer surface 
covered by numerous pits, about 9 rows wide and 1 3- 
14 high, adjacent pits sometimes coalesced; endocarp 
wall 2.0-2.3 mm thick, composed of densely packed 
interlocking digitate cells, up to 200 um long and 30- 
80 «wm wide, arranged in layers parallel to the locule 
surface; tubercles (corresponding to the surface pits) 
about 2.2 mm in diameter, protruding 2.0-3.5 mm 
into the locule, straight-walled (cylindrical, sometimes 
bulbous-ended); locule finely papillate, papillae 10-15 
um high and wide; funicle not present in the endocarp. 

Specimens.— Holotype: UM 29933 (Scott, 1954, pl. 
16, figs. 6, 7). Hypotypes: USNM 312751 (Bones, 1979, 
pl. 4, fig. 6), UCMP 10715, 10716, UF 8603, 8604, 
8612, 9567, USNM 354420, 354155. 

Discussion.—Palaeophytocrene hancockii includes 
the largest of all fruits known from the Nut Beds. Scott 
(1954) distinguished this species from other species of 
Palaeophytocrene on the basis of its large size, and 
because, in proportion to its size, the tubercles protrude 
only a short distance into the locule by comparison 
with the other species of this genus. His description 
was based on a single specimen that had been sectioned 
transversely to show the endocarp wall, but in which 
the number and arrangement of pits are obscured. There 
are about 15 specimens now, including specimens that 


clearly show the number and arrangement of pits (PI. 
20, figs. 1, 2). Thin sections show the structure of the 
tubercles projecting into the locule (PI. 20, figs. 3, 4), 
and the anatomy of the endocarp wall, including pa- 
pillae lining the locule (PI. 20, fig. 5). 


Palaeophytocrene pseudopersica Scott emend. 
Plate 20, figures 6-13 


Palaeophytocrene pseudopersica Scott 1954, p. 80, pl. 16, figs. 4, 5. 
Palaeophytocrene foveolata Reid and Chandler. Scott 1954, pl. 16, 
fig. 3 only. 


Description.—Endocarp unilocular, single-seeded, 
oval to ovate, flattened or slightly inflated in the plane 
of bisymmetry, length 14.3-39.0, avg. 27.4 mm 
(SD=7.8, n=8), width 13.0-28.5, avg. 21.4 mm 
(SD=5.3, n=8), thickness 8.8-16.5, avg. 10.9 mm 
(SD=2.6, n=8); outer surface covered by numerous 
pits, eight to 14 pits wide, ca. 19 pits high (ca. 40-80 
pits on each half of the endocarp), adjacent pits some- 
times coalesced; endocarp wall 1.5—2.3 mm thick, 
composed of densely packed interlocking digitate cells; 
these cells up to 300 um long and 20-50 um wide, 
oriented in layers parallel to the locule surface; hollow 
tubercles (corresponding to the surface pits) 1.2-2.4 
mm in diameter, protruding |.7—3.1, avg. 2.2 mm into 
the locule, straight-walled (cylindrical), sometimes 
conical; locule lining, including that over the tubercles, 
finely papillate; papillae short, rounded 10-15 um high 
and wide, closely spaced. Seed not seen, but possible 
fragments of very thin seed coat observed in sectioned 
specimens. 

Specimens.—Holotype: UM 29931. Hypotypes: 
OMSI Pb178, Pb179, Pb181, Pb182, Pb247, UF 8597, 
8599, 8602, 8605-8610, 8613, 9568, 9569, UM 29928, 
29929, 29931, 29932. 

Discussion.—Scott (1954) described this species to 
accommodate Clarno fossils that he noted were similar 
to the London Clay species, P. ambigua Reid and 
Chandler. The species is represented by abundant loc- 
ule casts (Pl. 20, figs. 12, 13) and permineralized en- 
docarps (Pl. 20, figs. 6-10) that range widely in size. 
The above description incorporates new anatomical 
data observed in thin sections (e.g., Pl. 20, fig. 11). 

As far as I can determine, there is not a very clear 
distinction between P. pseudopersica and P. hancockii, 
and the practice has simply been to place large speci- 
mens (38-85 mm long) in P. hancockii and smaller 
specimens, usually less than 40 mm long, in P. pseu- 
dopersica. The variation in size among specimens of 
Palaeophytocrene from the Nut beds is great. I ex- 
cluded two of the smallest specimens from the above 
description (UF 8609, 8610, which are 7.8, 11.8 mm 
long, 7.0, 9.0 mm wide, and 5.0, 6.0 mm thick), be- 
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cause they might be immature, or could represent an- 
other species. The variation 1s more or less continuous, 
however, and, if more than one species is represented, 
it is difficult to draw distinct boundaries between them. 
Scott noted that in proportion to its size, the tubercles 
of P. hancockii protrude only a short distance into the 
locule in comparison with P. pseudopersica. However, 
the same phenomenon is noted in comparing succes- 
sively larger specimens of P. pseudopersica. Evidently, 
the projections do not increase in thickness 1n direct 
proportion with increased fruit size in this genus. I 
have chosen to maintain two of the species established 
by Scott (1954), while recognizing that the large col- 
lections of this genus require more thorough investi- 
gation to determine the number of species represented. 
In order to understand better the significance of the 
size variability among Palaeophytocrene specimens 
from the Nut Beds, it would be desirable to obtain 
information on the intraspecific and ontogenetic size 
variability among related extant genera such as M1- 
quelia, Chlamydocarya and Pyrenacantha. 


Genus PYRENACANTHA Hooker 


Pyrenacantha occidentalis sp. nov. 
Plate 19, figures 10-14 


Palaeophytocrene foveolata Reid et Chandler. Scott 1954, pl. 16, fig. 
1, only. 


Etymology.—Occidens (L = of the west) referring to 
the western occurrence of this species, which contrasts 
with the distribution of extant species in the eastern 
hemisphere. 

Description.—Endocarp ovoid, bilaterally symmet- 
rical, slightly compressed in the plane of symmetry, 
unilocular, single-seeded; length 25.0-33.0, avg. 29.9 
mm (SD=2.53, n=8), width 15.7—30.0, avg. 22.7 mm 
(SD=4.18, n=7), thickness 11.0-—25.3, avg. 18.3 mm 
(SD=4.32, n=7), surface dotted with numerous small 
pits about | mm in diameter, spaced 1-2 mm apart, 
12-14 rows of pits wide, 16-19 pits high; pits corre- 
sponding to elongate vertical-sided, cylindrical, tuber- 
cles which project 4.5—5.2 mm into the locule (pro- 
truding more than '4 of the distance across the locule), 
endocarp wall 1.0 mm thick, uniform, without funic- 
ular canal; cells of the endocarp elongate, sinuous. Loc- 
ule lining not papillate, seed conforming to the locule 
projections. 

Specimens.— Holotype: UCMP 10708. Paratypes: 
OMSI Pb170, Pb202, UCMP 10706, UF 8617, UM 
29927 (Scott, 1954, pl. 16, fig. 1), USNM 354767, 
354987 (and another portion of the same specimen, 
354989). 

Discussion.—Endocarps of this species differ from 
those of Palaeophytocrene by having much longer pro- 


trusions into the locule, and by the thinner endocarp 
wall (Pl. 19, figs. 12, 13). There is a very close resem- 
blance to endocarps of Pyrenacantha zenkeri (Sp. 
Moore) Exell from Angola, Africa, although the few 
specimens observed (e.g., Pl. 19, fig. 15) were smaller 
(only 15 mm long). Both are similar in having a thin 
endocarp with long protrusions into the locule. The 
genus Pyrenacantha has also been recognized in the 
Philippines (Sleumer, 1969). This is the first recogni- 
tion of Pyrenacantha from the North American fossil 
record. 


Family JUGLANDACEAE A. Rich ex Kunth. 


The Juglandaceae (walnut family) are a family of 
temperate to tropical trees with eight extant genera 
placed in four tribes: the Juglandeae (Juglans, Ptero- 
carya, Cyclocarya), Hicorieae (Carya), Engelhardieae 
(Engelhardia, Oreomunnea, Alfaroa), and Platycar- 
yeae (Platycarya). The family has an excellent fossil 
record of extant and extinct genera in the Tertiary of 
North America, Europe and Asia (reviewed by Man- 
chester, 1987a, 1989b). It is represented in the Nut 
Beds by wood of Engelhardioxylon (Manchester, 1983) 
and Clarnoxylon (Manchester and Wheeler, 1993) and 
by fruits of Cruciptera, Juglans, cf. Palaeocarya and 
Paleoplatycarya?, described below. 


Tribe JUGLANDEAE 
Genus CRUCIPTERA Manchester 


Cruciptera simsonii (Brown) Manchester 
Plate 21, figures 10-17 


Tetrapteris simsoni Brown 1940, pp. 344-356, fig. 9. 
Cruciptera simsonii (Brown) Manchester 1991, p. 719, figs. 1-11, 
13-15. 


Description.—Samara with four bract-wings radiat- 
ing in a plane surrounding a globose nutlet; fruit width 
including wings 25.0-38.0, avg. 33.2 mm (SD=6.45, 
n=5); pedicel 0.4 mm thick, at least 5.0 mm long, 
aligned with the axis of symmetry; nutlet globose ex- 
cept for an apical stylar projection, rounded basally, 
smooth, length 3.4-4.5 mm, equatorial diameter 3.6— 
5.0, avg. 4.2 mm (SD=0.51, n=6), nutlet unilocular; 
nutshell 0.2-0.3 mm thick, composed of isodiametric 
sclereids 15-30 um in diameter; base of the locule 
divided into four lobes by thick primary and secondary 
septa; secondary septum oriented in the plane of carpel 
closure, extending about '3 of the distance from base 
to apex of the fruit; primary septum complete except 
for an aperture in the apical '3 of the nutlet; two la- 
cunae, more or less circular in cross section, situated 
near the periphery of the primary septum; plane of 
dehiscence dividing the nutshell into two halves, aligned 
with the secondary septum; wings attached in a plane 
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about the equator of the nutlet; wings narrow, elongate, 
spatulate to parallel-sided, bluntly rounded to pointed 
at the apices; wing length 11.0-17.0 mm, width 2.5- 
4.6, avg. 3.5 mm (SD=0.73, n=8), venation subpar- 
allel, somewhat spreading distally, without cross veins, 
occasionally dichotomizing, 15 to 20 veins across at 
the widest point of the wing, veins terminating distally 
without forming loops. 

Specimens.—OMSI Pb776, Pb899, Pb1175, Pb1580, 
UF 9263, 9612, samaras; UF 8867, permineralized 
nutlet, USNM 354375, locule cast. Holotype: USNM 
42334, a compression specimen from Clarno West 
Branch Creek locality. 

Discussion.—Cruciptera simsonil occurs at several 
localities of the Clarno Formation, including West 
Branch Creek, White Cliffs, Red Gap, Alex Canyon, 
Gosner Road, Dry Hollow and John Day Gulch (Text- 
fig. 2), and is also represented by a specimen from the 
middle Eocene Cashman locality of the Puget Group, 
western Washington (USGS loc. 9731, listed as Te- 
trapteris simsoni in Wolfe, 1968). The above descrip- 
tion is based only upon the Nut Beds specimens; fea- 
tures of the four sepals and two styles have been 
described previously based upon specimens from other 
Clarno localities (Manchester, 1991). Samaras with in- 
tact wings (PI. 21, figs. 10-13) are relatively common 
in the basal leaf layer of Face 3, and a few isolated 
silicified nutlets and locule casts (Pl. 21, figs. 15-17) 
were found elsewhere in the locality. The silicified nut- 
lets reveal internal structure and anatomy but do not 
show the wings. Conversely, the impression specimens 
preserve the morphology and attachment of wing and 
petiole, but do not show internal details of the nutlet. 
One important specimen, however, shows both the 
wings (Pl. 21, fig. 11) and a well preserved nutlet (PI. 
21, fig. 14) with the same internal structure as the 
isolated silicified nutlets, thus linking impression and 
petrifaction specimens as the same species. 

Transverse sections of the nutlets reveal a well de- 
veloped basal secondary septum in addition to the pri- 
mary septum dividing the locule into four chambers 
(Pl. 21, figs. 14-16). Accordingly, the associated chal- 
cedony locule casts are basally four-lobed (PI. 21, fig. 
17), and are readily distinguished from the other small 
juglandaceous locule casts that occur in the Nut Beds, 
1.e., the two-lobed locule casts associated with Paleo- 
platycarya (Pl. 22, figs. 5-8) and Palaeocarya (P1. 22, 
figs. 15, 16). The morphology of the nutlets and locule 
casts of this species are clearly juglandaceous. The nut- 
shell and septa are composed of isodiametric sclereids, 
differentiating them clearly from those of the tribe En- 
gelhardieae which are composed of fibers. The orien- 
tation of the wings in a plane perpendicular to the 
nutlet axis is a feature shared with extant Cyclocarya, 


and the extinct Paleocene genus Polyptera (Manches- 
ter, 1989b, 1991). 

Cruciptera is also known from the Early Eocene of 
Wyoming, the Oligocene of Oregon and from the Mid- 
dle Eocene of Dorset, England (“‘Abelia sp.”’, Chandler, 
1964) and Messel, Germany (Manchester, 1991), and 
appears to predate the appearance of Pterocarya fruits 
(Late Eocene/Early Oligocene) in the fossil record. The 
foliage and pollen of Cruciptera remain to be deter- 
mined. Juglandaceous leaflets from the Nut Beds that 
were described and illustrated (Manchester, 1987a, p. 
89, fig. 38) as ‘Juglans (?) sp.”” were collected in the 
same stratigraphic layer as fruits of Cruciptera and are 
a candidate for the type of foliage produced by the 
extinct genus. Although the irregular spacing and course 
of secondary and tertiary veins is similar to that of 
extant leaflets of Juglans sect. Rhysocaryon, the shape, 
size, and venation of the teeth more closely resemble 
Pterocarya. Pterocarya fruits are absent from the entire 
Clarno formation; thus the foliage probably corre- 
sponds either with Juglans or Cruciptera. 


Genus JUGLANS L. 


Juglans clarnensis Scott 
Plate 21, figures 1-9 


Juglans clarnensis Scott 1954, p. 70, pl. 15 figs. 1-14; Bones 1979, 
pl. 2, fig. 6-8; Manchester 1987a, p. 107, fig. 46A—M. 


Description.—Nut globose to ellipsoidal, circular in 
cross section, unilocular, single-seeded, base rounded 
with slight depression in the attachment area, extreme 
apex sometimes with a small point; length 13.4—27.1, 
avg. 21.6 mm (SD=2.77, n=61), equatorial diameter 
15.4-23.4, avg. 19.3 mm (SD=2.01, n=65):; surface 
with eight to 12 shallow longitudinal grooves joining 
at base and apex, sometimes anastomosing, including 
a pair of grooves corresponding to the plane of dehis- 
cence, nutshell 2-4 mm thick; primary septum per- 
pendicular to the plane of dehiscence with an aperture 
in the apical half, containing a pair of small longitu- 
dinal lacunae; secondary septum absent to rudimen- 
tary at the base of the locule in the plane of dehiscence; 
each valve of the nutshell containing a pair of laterally 
flattened longitudinal lacunae 4-8 mm wide and 1-1.5 
mm thick that join together at the base and apex; vas- 
cular supply of the primary septum axial in course. 
Locule cast smooth, quadrilaterally symmetrical about 
vertical axis, rounded basally, divided by the primary 
septum into two major lobes at the base, which are 
sometimes slightly emarginate basally by the faint de- 
velopment of a secondary septum; apex sharply point- 
ed, shoulder region concave to seldom convex. 


3 See also Notes added in proof, p. 200. 
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Specimens.—Syntypes: UM 29906, 29907, 29908 
(Scott, 1954). Hypotypes: UF 4781, 4872, 4873, 4875, 
5338, 7965, 9424-9448, USNM 312378 (Bones, 1979, 
pl. 2), 354282-354291, 354293-354299, 354300- 
354315, 354361, 354362, nuts; OMSI Pb186, 188, 
189A, 237, 241, 251, UF 4874, 5339, 5340, 7965, 
9437, 9440, 9451-9469, UM 29908, USNM 354245- 
354246, locule casts. 

Discussion.—Juglans clarnensis is the oldest con- 
firmed fruit record of Juglans (Scott, 1954; Manches- 
ter, 1987a). There are more than 200 specimens of this 
species in museum collections, preserved as nut casts 
(Pl. 21, figs. 1, 2) and molds, occasional permineralized 
nuts (PI. 21, figs. 3, 4), and locule casts (PI. 21, figs. 5— 
9). Many more specimens of the esteemed Clarno wal- 
nut reside in private collections. The specimens are 
most common in the middle and upper levels of Faces 
1 and 2. Nuts that may represent the same species are 
preserved as silica casts at the Brummers Spring lo- 
cality (Text-fig. 2; Manchester, 1990). 

Criteria for placing this species in the extant genus 
Juglans were presented by Scott (1954) and Manches- 
ter (1987a). Juglans clarnensis possesses nutshell mor- 
phology most similar to that of section Rhysocaryon 
(black walnuts) but has a less convoluted seed mor- 
phology similar to that of to section Cardiocaryon (but- 
ternuts). 


Tribe ENGELHARDIEAE 
Genus PALAEOCARYA Saporta 


cf. Palaeocarya clarnensis Manchester 
Plate 22, figures 9-17 


Description.—Nutlet subglobose to obovoid, uniloc- 
ular, single-seeded, circular in cross section, base acute- 
pointed, apex obtuse-pointed; smooth, except for a 
single longitudinal rib preserved in a few specimens; 
fruit with a single incomplete septum dividing the base 
of the locule and seed into two rounded lobes; primary 
septum 0.4-0.6 mm thick, without lacunae, two vas- 
cular bundles running axially through the septum ad- 
jJacent to the central axis; secondary septum absent; 
nutshell thin (0.25 mm), without lacunae, composed 
of longitudinally oriented fibers; plane of dehiscence 
at right angles to the primary septum. Locule cast 
smooth, quadrilaterally symmetrical about vertical axis, 
basally bilobed, each lobe corresponding to a cotyle- 
don, rounded basally and laterally, pointed apically, 
length 1.5-3.8, avg. 2.3 mm (SD=0.57, n=39), width 
parallel to primary septum 1.7-3.4, avg. 2.6 mm 
(SD=0.48, n=40), width perpendicular to primary sep- 
tum 1.8—3.4, avg. 2.5 mm (SD=0.45, n=38). 

Specimens.—UF 9361, USNM 424640, 458416, 
more or less complete nutlets; HU 59994-59996, 


UCMP 10618-10621, UF 6456, 8747-8762, USNM 
354364 (4 specimens in matrix), 354366 (15 speci- 
mens), 354367, 354368 (2 specimens), 354369 (5 spec- 
imens), 354370 (11 specimens), 354371, 354372 (7 
specimens), 354374 (5 specimens), 354377 (3 speci- 
mens), 354378, 424640, 424703, locule casts. 

Discussion.—This species 1s known from numerous 
chalcedony locule casts (PI. 22, figs. 9, 15, 16) and only 
a few partially complete permineralized nuts (Pl. 22, 
figs. 10-12, 14) which in section show the thin, smooth 
wall of the nutshell (Pl. 22, figs. 13, 17). Specimens 
were found in the upper part of Faces | and 3 of the 
Nut Beds, but not in the lower levels of finer grained 
sediments where samaras with intact wings would be 
likely to preserve. The juglandaceous morphology of 
the locule casts is clear from a simple comparison with 
the larger locule casts of Jug/ans clarnensis (PI. 21, figs. 
5-9). The locule casts range greatly in size such that 
the smallest are about half the size of the largest, but 
no morphological differences were detected. Although 
none of the specimens have been found with remains 
of wings preserved, the small size is an indication that 
they are probably from winged fruits. The single rib 
remaining on some nutlets (PI. 22, figs. 11, 14) may 
be a remnant of the midvein of a wing like that of 
Engelhardia. 

These nutlets and locule casts probably represent the 
engelhardioid taxon, Pa/aeocarya clarnensis, a winged 
fruit common at other localities of the Clarno For- 
mation (Manchester, 1987a). Without diagnostic char- 
acters from the wings, however, the Nut Beds material 
cannot be identified to Pa/aeocarya with certainty. The 
following lines of evidence, however, support the hy- 
pothesis that these fossils represent P. clarnensis: 1) We 
know that these were not the locule casts of Cruciptera, 
because Cruciptera fruits with intact nutlets show a 
basally four-lobed, not two-lobed, locule (cf. Pl. 21, 
fig. 17 with Pl. 22, fig. 9); 2) Affinities with Platycarya 
are also eliminated on the basis of locule cast mor- 
phology (cf. Pl. 22, figs. 5-8); 3) The nutlets of com- 
pressed fruits of P. clarnensis are highly variable in 
size, as are the isolated nutlets described above; 4) The 
nutshell and septa are composed of fibers, not sclereids, 
indicating affinities with the tribe Engelhardieae; 5) 
Wood of the Engelhardieae, the same tribe to which 
Palaeocarya belongs, is present in the Nut Beds (Man- 
chester, 1983). 

Palaeocarya is a generic name accommodating fossil 
fruits with characters found today both in the Asian 
genus Engelhardia and in the central American genus 
Oreomunnea. The fruits of these genera are samaroid, 
with a large trilobed wing developed from the inflo- 
rescence bract. If the species described above actually 
represents Palaeocarya clarnensis, then it appears that 
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it was produced by a plant more similar to Engelhardia 
than to Oreomunnea. The bilobed locule casts of this 
species indicate a two-chambered nutlet like that of 
Engelhardia rather than an eight-chambered nutlet like 
that of Oreomunnea. 


Tribe PLATYCARYEAE 
Genus PALEOPLATYCARYA Manchester? 


Paleoplatycarya? hickeyi sp. nov. 
Plate 22, figures 1-8 


Etymology.—This species is named for Leo J. Hick- 
ey in recognition of his contributions to angiosperm 
paleobotany including the fossil record of Platycaryeae. 

Description.—Infructescence elongate, estimated 
length 26 mm, width 4.1—4.6 mm, composed of heli- 
cally arranged woody bracts on a relatively stout axis; 
one fruit with bilobed locule cast situated on the axil 
of each bract; bracts woody, shallowly v-shaped in 
cross section, ca. four to six bracts per cycle. Locule 
cast quadrilaterally symmetrical about vertical axis, 
obcordate in face view, pointed apically, bilobed ba- 
sally, laterally compressed in the plane opposite to the 
primary septum, length 1.6-1.8 mm, width 2.2 mm, 
thickness 0.7-1.0 mm, secondary septum not devel- 
oped, surface faintly verrucate. 

Specimens.— Holotype: UF 6454, infructescence with 
intact locule casts. Paratypes: UF 9251, USNM 353995, 
infructescence; UF 8763, USNM 354376, 435117, loc- 
ule casts. 

Discussion. — This species 1s represented by two cone- 
like infructescences (PI. 22, figs. 1-3) and a few isolated 
locule casts (e.g., Pl. 22, fig. 6). The juglandaceous af- 
finity of the infructescences was not obvious until one 
of them was fractured to reveal the distinctive locule 
casts (Pl. 22, figs. 4, 5, 7, 8). The locule casts have the 
characteristic morphology of Juglandaceae, but are un- 
usual in being strongly compressed in the plane per- 
pendicular to the primary septum. This lateral flatten- 
ing may have been adaptive in the context of a wind- 
dispersed fruit. 

This species clearly belongs to the juglandaceous tribe 
Platycaryeae because of the cone-like infructescence 
with primary bracts persisting on the inflorescence axis. 
In all other tribes of the family, the primary inflores- 
cence bract becomes part of the fruit and does not 
persist on the infructescence axis. Although the Pla- 
tycaryeae have only a single modern genus, Platycarya 
of eastern Asia, the tribe was more diverse and wide- 
spread in the Tertiary, as documented by fruits, foliage 
and pollen from Europe and North America (Wing and 
Hickey, 1984; Manchester, 1987a, 1989b). The shal- 
low v-shape of the bracts in cross section (Pl. 22, fig. 
1) resembles that seen in the Eocene Platycarya ri- 
chardsonii (Bowerbank) Chandler (cf., Manchester, 


1987a, fig. 1OH, I). The Nut Beds infructescence differs, 
however, from modern and fossil Platycarya species 
by its elongate, narrow construction. 

Similarly narrow, elongate infructescences with short 
bracts characterize Paleoplatycarya wingii from the 
early Eocene of Wyoming (Manchester, 1987a; Platy- 
carya castaneopsis sensu Wing and Hickey, 1984). 
However, features of the fruit wings and perianth con- 
sidered diagnostic of Paleoplatycarya (Manchester, 
1987a) are not preserved in the Nut Beds material, and 
no isolated fruits of Paleoplatycarya are known from 
the Clarno Formation. Pending the recovery of more 
informative specimens, it seems appropriate to assign 
this species to “‘Paleoplatycarya?”’. 

Among extensive collections from other Clarno lo- 
calities, I have observed only two other infructescences 
that appear to represent P.? hickeyi. Both are impres- 
sion specimens from West Branch Creek (UF 9871, 
9872). Another type of infructescence that is relatively 
common at West Branch Creek, named Platycarya 
manchesteri by Wing and Hickey (1984), is superfi- 
cially similar to that described above. However, anal- 
ysis of numerous specimens of P. manchesteri has 
shown that each nutlet is surrounded by four bract- 
like structures, rather than just one, indicating that the 
affinities are not with Platycarya. The arrangement of 
the bract-like structures suggests that they may be im- 
mature infructescences of Cruciptera. 

It is possible that P?. hickeyi infructescences pro- 
duced fruits of the extinct platycaryoid genus Hooleya. 
Although the distinctive biwinged fruits of Hooleya 
lata Wing and Hickey (1984) occur at the West Branch 
Creek and White Cliffs localities of the Clarno For- 
mation (Text-fig. 2), they have not been identified from 
the Nut Beds. Locule casts of P.? hickeyi are compa- 
rable in size and shape, however, to the nutlet body 
seen in the compressed Hoo/leya fruits (cf., Manchester, 
1987, figs. 12A—-E, G, H). Clarnoxylon, an extinct type 
of juglandaceous wood known both from the Nut Beds 
and from West Branch Creek, possesses crystaliferous 
idioblasts characteristic of Platycaryeae (Manchester 
and Wheeler, 1993), and is a likely candidate for the 
type of xylem produced by Hooleya and/or Paleopla- 
tycarya trees. 


Family LAURACEAE Juss. 


The Lauraceae are a family of about 45 genera and 
2200 species concentrated in the tropics and warm 
temperate areas. The family is first reliably reported 
from the Cretaceous (Drinnan et al., 1990; Herendeen, 
1991) and was widespread by the early Tertiary. The 
Lauraceae are represented in the Nut Beds by at least 
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two types of foliage, and wood of U/minium (Scott and 
Wheeler, 1982), as well as by the fruits described be- 
low. 

Fruits of Lauraceae are unilocular and single-seeded 
and the seed is exalbuminous with a pair of large hemi- 
spherical cotyledons. Reid and Chandler (1933) pro- 
vide an excellent synopsis of the fruit and seed char- 
acters of extant Lauraceae. The fruit may or may not 
be enclosed partially or completely in the hypanthium 
or “cupule.”” A prominent scar may remain at the base 
of the epicarp where it detaches from such a cupule. 
The endocarp typically has a uniseriate layer of anti- 
clinally oriented columnar cells. This layer, which may 
be thick, thin or intermittent, generally appears to form 
the innermost coat of the pericarp. Oil cells, a feature 
of xylem and other tissues of Lauraceae, may also be 
present in the cupule and pericarp. The parenchyma 
or sclerenchyma cells are often oriented radially around 
oil cells, forming the “‘stellate clusters of cells” referred 
to by Reid and Chandler (1933) as a diagnostic feature 
of the family. 

Although it is fairly easy to identify fruits to the 
Lauraceae, this family is notoriously difficult when it 
comes to making generic assignments. Part of the dif- 
ficulty, which applies even to extant species, is that 
“As arule, both floral and fruit characters are necessary 
for identification, but a single specimen rarely has both 
flowers and fruits” (van der Werff, 1991). Therefore, 
with the exception of Lindera, the Nut Beds species 
have been assigned to the stereotypic genera Lauro- 
calyx and Laurocarpum. 


Genus LINDERA Thunb. 


Lindera clarnensis sp. nov. 
Plate 23, figures 1-8 


Etymology.—The epithet indicates the source of the 
species, the Clarno Formation. 
Description.—Endocarp spheroidal, bilaterally sym- 
metrical, with a faint ridge running from apex half way 
to base in plane of symmetry; unilocular, single-seeded; 
length 3.8-6.0, avg. 5.2 mm (SD=0.83, n=5), equa- 
torial diameter 3.8—6.3, avg. 5.3 mm (SD=0.98, n=5); 
endocarp thin-walled, composed of a uniseriate layer 
of columnar cells, these cells about 100 um high and 
about 15 wm wide. Seed exalbuminous, filled com- 
pletely by a pair of large hemispherical cotyledons. 
Specimens.— Holotype: USNM 435006. Paratypes: 
USNM 335472, 435007, 435008, 424728. 
Discussion.—The combination of unilocular, glo- 
bose endocarps (Pl. 23, figs. 1-4) with a prominent 
columnar layer (PI. 23, figs. 6-8), a single seed and 
large plano-convex cotyledons (PI. 23, fig. 5) confirms 
that this species belongs to the Lauraceae. Most extant 


species of Lauraceae that were examined for this study 
are axially elongate, rather than globose. Some extant 
species of Cinnamomum and Lindera, however, have 
small globose endocarps comparable in size and in- 
ternal structure to the fossil. The endocarp wall of Cin- 
namomum camphora (L.) Presl is much thicker than 
that in Lindera spp. This fossil is virtually indistin- 
guishable from fruits of Lindera umbellata Thunb. from 
Japan and L. obtusiloba Blume from the Philippines. 
Because of the high degree of similarity to these species, 
and since I have not found precisely similar species in 
a survey of other extant genera, the Nut Beds species 
is assigned to the extant genus. 


Genus LAUROCALYX Reid et Chandler 


This genus was established by Reid and Chandler 
(1933) for “‘cupuliferous fruits belonging to the family 
Lauraceae which, for one cause or another, cannot be 
referred to living genera.”” The preservation of a per- 
sistent perianth or cupule distinguishes this fossil genus 
from Laurocarpum. 


Laurocalyx wheelerae sp. nov. 
Plate 23, figures 9-15 


Etymology.—This species 1s named for Elisabeth A. 
Wheeler, recognizing her contributions to the analysis 
of woods from the Clarno Formation, including those 
of the Lauraceae. 

Description.—Fruit prolate, circular in transverse 
section, rounded apically and basally, unilocular, sin- 
gle-seeded, length 7.7-10.1 mm, width 7.9-10.9 mm, 
thickness 7.4-10.9 mm; embedded in a thick cupule 
covering the basal 4 of the fruit; endocarp surface 
smooth, with a prominent, recessed, elliptical to ren- 
iform basal scar approximately 4.5 mm wide and 2.8 
mm thick containing three vascular bundles arranged 
in a triangular pattern, endocarp wall about 0.7 mm 
thick, and composed ofa uniseriate layer of anticlinally 
elongate cells; inside of seed with solid core of rounded 
parenchyma cells, 38-50 um in diameter, this core is 
surrounded by larger angular parenchyma cells, to the 
outside of this is a uni- to biseriate seed coat of dark- 
pigmented periclinally elongate rectangular cells 20- 
22 um high, 20-38 wm wide. Cupule composed mostly 
of isodiametric parenchyma cells 38—50 «wm in diam- 
eter with interspersed larger cells 60-80 um in diameter 
with black contents interpreted as oil cells. 

Specimens.—Holotype: UF 9406. Paratypes: UF 
9407-9410, USNM 355626, 355630, 355631, 355634, 
355638, 435085, 424807. 

Discussion.— Laurocalyx wheelerae is represented by 
permineralized fruits and locule casts, sometimes with 
the cupule attached. Isolated endocarps and locule casts 
are recognizable even without the attached cupule be- 
cause of the conspicuous elliptical attachment scar (PI. 
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23, figs. 9, 11). The holotype is relatively complete, 
including both the endocarp and the cupule. The en- 
docarp was removed from the cupule for comparison 
with other isolated endocarps (PI. 23, figs. 11, 12), and 
was subsequently reassembled with its cupule and sec- 
tioned longitudinally, showing the lateral extent of cu- 
pule coverage (Pl. 23, fig. 13), the presence of oil cells 
within the cupule (PI. 23, fig. 14) and the layer of 
columnar cells in the endocarp (PI. 23, fig. 15). These 
features confirm that the species represents Lauraceae. 


Genus LAUROCARPUM Reid et Chandler 


Laurocarpum Reid et Chandler is a stereotype genus 
erected to accommodate unilocular, single-seeded fruits 
that have characters diagnostic of Lauraceae, but that 
cannot be placed in a particular modern genus (Reid 
and Chandler, 1933). At least three species from the 
Nut Beds flora are assignable to this genus: L. han- 
cockii, L. nutbedensis, and L. raisinoides, which are 
described below. 

Scott (1954) identified one specimen from the Nut 
Beds to Laurocarpum proteum Reid et Chandler, a 
species based on well preserved specimens from the 
London Clay flora (Reid and Chandler, 1933). The 
specimen is an ovoid locule cast 11 mm long and 9 
mm in diameter with some fragments of endocarp re- 
maining. The shape of the apex and the truncate base 
with a large circular chalaza compare favorably with 
the London Clay species. I have reexamined the spec- 
imen figured by Scott (1954). Although external mor- 
phological features of the locule cast seem to support 
assignment to Lauraceae, it is unfortunate that char- 
acters of the cotyledons and wall layers remain un- 
available to confirm the assignment. I have been un- 
able to locate any additional specimens that might 
provide more characters upon which to confirm the 
systematic position of this fossil. 


Laurocarpum hancockii sp. nov. 
Plate 24, figures 1-3 


Etymology.—The epithet is in memory of Alonzo 
W. Hancock, who established a field station promoting 
paleontological field work in the Clarno Formation. 

Description.— Fruit pyriform, circular in cross sec- 
tion, unilocular, single-seeded, length 25 mm, equa- 
torial diameter 18.5 mm; fruit wall 2.0 mm thick, com- 
posed of two layers: an inner uniseriate layer of 
anticlinally oriented columnar cells, 250 um high and 
62-112 wm wide, and an outer layer, presumably the 
mesocarp (exocarp not preserved), composed of a mass 
of thin-walled parenchyma cells 20-82 wm in diameter, 
arranged in radiating patterns around solitary or clus- 
tered stone cells, the stone cells or isodiametric scler- 
eids 50-100 um in diameter, and occasional oil cells 


with dark contents; seed filled by two large hemispher- 
ical cotyledons. Cupule not preserved. 

Specimen.— Holotype: OMSI Pb262. 

Discussion.—Laurocarpum hancockii, known from 
a single specimen, has the largest fruit of the lauraceous 
taxa observed from the Nut Beds. The fruit is clearly 
lauraceous because of the two large hemispherical cot- 
yledons (Pl. 24, figs. 1, 2), the layer of columnar cells 
lining the locule (Pl. 24, fig. 3), and the presence of 
stone cells about which the surrounding parenchyma 
is stellately arranged (PI. 24, fig. 3). 


Laurocarpum nutbedensis sp. nov. 
Plate 24, figures 4-7 


Etymology.—The epithet nutbedensis refers to the 
Nut Beds locality. 

Description.— Fruit prolate, unilocular, single seed- 
ed; length 8.0 mm, equatorial diameter 6.8 mm; sur- 
face relatively smooth: pericarp ca. 1.0 mm thick, con- 
sisting of: a thin uniseriate outermost layer of 
anticlinally oriented columnar cells 40-50 um high, 
10-15 wm wide, a main layer 750-950 um thick com- 
posed of isodiametric parenchyma cells, typically 20- 
50 um in diameter, but smaller and tangentially flat- 
tened (16-18 um high) toward the inside of this layer, 
large oil cells SO-70 um in diameter interspersed among 
this tissue; this layer lined on the inside by a uniseriate 
layer of columnar cells, and then in turn by a layer of 
several rows thick of rectangular cells, 200 um thick; 
exocarp not preserved. Two hemispherical cotyledons 
filling the seed cavity. 

Specimens.— Holotype: USNM 435090. 

Discussion.—Laurocarpum nutbedensis is repre- 
sented by a single permineralized specimen that has 
been sectioned transversely (Pl. 24, figs. 4-7). Laura- 
ceous affinity is suggested by the columnar layers, oil 
cells, and single seed with hemispherical cotyledons. 
Oil cells of the pericarp are slightly larger and more 
rounded than the surrounding parenchyma cells. 


Laurocarpum raisinoides sp. nov. 
Plate 24, figures 8-15 


Etymology.—The epithet refers to the wrinkled, rai- 
sin-like surface of the fruit. 

Description. — Fruit subglobose, rounded apically and 
basally, unilocular, single-seeded, length 4.5 mm, 
equatorial diameter 4.0—5.2 mm; surface longitudi- 
nally wrinkled; pericarp with an inner uniseriate layer 
of columnar cells 20 um thick giving rise to a 4—-5- 
seriate layer of small thick walled isodiametric cells 
7.5-10 wm, followed by a mesocarp layer of paren- 
chymatous, cells 17-25 «wm in diameter, with numer- 
ous interspersed oil cells 37-58 wm in diameter; exo- 
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carp uniseriate, composed of of anticlinally oriented 
columnar cells 21 wm high, 5 wm wide. 

Specimens.— Holotype: UF 5672. 

Discussion.— Laurocarpum raisinoides is represent- 
ed by one very well preserved specimen with clear 
affinities to the Lauraceae. The longitudinal wrinkles 
on the outer surface (Pl. 24, figs. 8-10) suggest a leath- 
ery pericarp. Sections through the mesocarp reveal 
abundant oil cells that are larger than the surrounding 
parenchyma cells and filled with dark contents (PI. 24, 
figs. 12-15). The endocarp and exocarp layers are com- 
posed of columnar cells (Pl. 24, figs. 13, 14). Fruits of 
extant Cinnamomum camphora are morphologically 
and anatomically similar; it is likely, however, that 
similar fruits could be found among various different 
extant genera. 


Family LEGUMINOSAE Juss. 


The Leguminosae are represented only by one type 
of fruit from the Nut Beds locality. Three additional 
legume fruit types are known from the Clarno For- 
mation (West Branch Creek and Gosner Road locali- 
ties), and remain to be described. Wood similar to 
Acacia from the Nut Beds (Wheeler and Baas, 1992, 
fig. 9-13) indicates that arborescent legume taxa were 
present. The low diversity and relatively low number 
of specimens of legume fossils in the Clarno Formation 
suggest that legumes were a relatively minor compo- 
nent of the flora. This is in contrast to the diversity of 
legume fruits and foliage known from sediments of 
similar age in southeastern North America (Herendeen 
and Dilcher, 1990). 


Genus LEGUMINOCARPON Goeppert 


Leguminocarpon sp. 
Plate 25, figure 9 


Description.— Fruit elliptical, bilaterally symmetri- 
cal, laterally flattened in plane of symmetry, about 35 
mm long, 12 mm wide, and a few mm thick, base and 
apex rounded; fruit narrowed over the basal '3, possibly 
where some ovules aborted; fruit body with very fine 
transverse veins. 

Specimen.—OMSI Pb1725. 

Discussion.— This specimen is an impression in silt- 
stone from in the leaf layer at the base of Face 3. The 
texture indicates that it may have been thick-textured, 
possibly leathery, but not woody. Although it is clearly 
a pod of the Leguminosae, it does not show the position 
or orientation of seeds, and on the basis of this single 
specimen it is not possible to determine the intrafam- 
ilial relationships. Lacking additional characters, it is 
unlikely that the intrafamilial affinities can be deter- 
mined. Bones (1979, pl. 3, fig. 4) figured another pos- 


sible legume pod from the Nut Beds (USNM 326716), 
but the preservation is not good enough to confirm its 
affinities. 


Family LYTHRACEAE Jaume St-Hil. 


The Lythraceae are a family of about 26 genera of 
herbs, shrubs and trees with temperate and tropical 
distribution around the world. The family has an ex- 
cellent record in the Tertiary of Europe and North 
America. Both extant and extinct genera have been 
recognized on the basis of isolated seeds, as reviewed 
by Tiffney (1981), Friis (1985) and Cevallos-Ferriz and 
Stockey (1988a). In the Nut Beds this family is rep- 
resented by fruits and seeds of Decodon. In addition, 
there is some evidence that seeds of Tripartisemen (p. 
113), which are very common at the Nut Beds, belong 
to the Lythraceae. 


Genus DECODON Gmelin 


Decodon sp. 
Plate 25, figures 1-8 


Description.—Fruit a thin-walled, globose, multi- 
seeded capsule, 2.3-3.9, avg. 3.4 mm (SD=0.41, n=5) 
in diameter, with hypogynous perianth; pedicel at least 
3 mm long and 0.4 mm in diameter; fruit multilocular, 
the number of locules undetermined, with thin septa 
(0.8—1.2 mm) radiating from a thickened central axis 
in the basal % of fruit, placentation axile, seeds nu- 
merous; fruit wall thin, 0.8-1.2 mm, approximately 
equal in thickness to the septa. Seeds anatropous, an- 
gular in section, laterally compressed, rounded dor- 
sally, often narrowed and forming a keel ventrally, 
length 0.7-1.1 mm, width 0.4—0.6 mm; seed coat com- 
posed of three layers: 1) innermost layer lining the 
embryo cavity 18 wm thick, composed of a uniseriate 
layer of cuboidal cells; 2) middle layer, forming the 
body of the seed through which the raphe travels, mul- 
tiseriate, composed of isodiametric cells 10-25 ~m in 
diameter; 3) outer layer uniseriate, composed of thin- 
walled rectangular cells, this layer 10 wm thick over 
most of the seed, but dramatically thickened up to 120 
um to form the ventral germination valve, cells of the 
germination valve anticlinally elongate, 70-120 um 
long and 30 wm wide; embryo cavity curved, nearly 
circular or elliptical in cross section but with a straight 
ventral margin adjacent to the germination valve; ra- 
phe passing through the middle layer of the seed. 

Specimens.—UF 6449, pedicellate fruit; UF 5668, 
6450, 6451, 9287, fruits with intact seeds. 

Discussion.—Several permineralized fruits of De- 
codon have been recovered from the Nut Beds. Some- 
times the seed tissues are not preserved and embryo 
casts are preserved within the empty or carbonaceous 
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mold of the seed (Pl. 25, fig. 1). Serial sections, how- 
ever, provide excellent details of fruit and seed anat- 
omy (Pl. 25, figs. 2, 4-8). One of the specimens was 
sectioned longitudinally and clearly shows the pedicel, 
hypogynous calyx, a thin septum and the thin fruit wall 
(Pl. 25, fig. 5). These features of the fruit, together with 
axile placentation and small anatropous seeds with 
ventral germination valves and curved embryo cham- 
bers, indicate affinties with the Lythraceae. 

The structure and anatomy of the fossil compare 
favorably with extant Decodon verticillatus (L.) Ell. (cf., 
Friis, 1985, pl. 15, figs. 10-12; Cevallos-Ferriz and 
Stockey, 1988a, figs. 19, 20). The Clarno species is 
distinguished from permineralized remains of D. al- 
lenbyensis Cevallos-Ferriz and Stockey, from the Eo- 
cene of Princeton, southern British Columbia, in the 
shape of the embryo cavity. In the Clarno fossil, as in 
D. verticillatus, the embryo cavity usually is D-shaped 
in transverse section because of the relatively straight 
inner face of the germination valve, but in D. allen- 
byensis the embryo cavity typically is O-shaped in 
transverse section, evidently reflecting a convex inner 
margin of the germination valve. 

Decodon has a single extant species, D. verticillatus, 
that is an aquatic shrub of swamps and marshy areas 
distributed in eastern North America from Ontario to 
central Florida. The genus was formerly more widely 
distributed, with many seed records 1n the Tertiary of 
Europe (Mai and Walther, 1978; Friis, 1985). 


Family MAGNOLIACEAE Juss. 


The Magnoliaceae are a family of seven genera and 
about 200 species of trees and shrubs distributed from 
the Himalayas to Japan and western Malesia, eastern 
North America to tropical America. The family is di- 
vided into two subfamilies (Nooteboom, 1985): the 
Magnolieae (E/merrillia, Kmeria, Magnolia, Manglie- 
tla, Michelia, Pachylarnax) and the Liriodendreae 
(Liriodendron). Other previously proposed genera of 
Magnolieae, such as 7a/auma (= Magnolia), are dis- 
missed by Nooteboom (1985). The Magnoliaceae are 
represented in the Nut Beds by at least three species 
of Magnolia. Although wood of Liriodendron has been 
reported from the Clarno ““Osmunda” locality (Scott 
and Wheeler, 1982; locality data from Wheeler, pers. 
comm., 1977), no fruits or seeds of the genus have 
been recovered from the Nut Beds or any other Clarno 
localities. 


Genus MAGNOLIA L. 


Leaves of Magnolia are reported from several other 
Tertiary localities in western North America (Taylor, 
1990), but, unless confirmed by cuticular characters, 
the identification of leaves to Magnolia should be 


viewed with caution because Magnolia leaves are en- 
tire-margined and have a brochidodromous pattern of 
venation that occurs in many dicotyledonous families. 

Two species of Magnolia have been identified from 
the Nut Beds on the basis of woods: Magnolia longi- 
radiata and M. angulata (Scott and Wheeler, 1982). 
The xylem of both species appears primitive in relation 
to that of extant Magnoliaceae in having more bars per 
scalariform vessel perforation (Scott and Wheeler, 
1982). 

I recognize three species of Magnolia on the basis 
of seeds from the Nut Beds. There is considerable vari- 
ation in shape and size among them, however, and it 
is likely that more species could be recognized using 
the fine-splitting criteria previously applied for seeds 
from the London Clay flora (Reid and Chandler, 1933; 
Chandler, 1961b:; see Chandler, 1978, pp. 7—9 for her 
philosophy of taxonomic splitting as applied to Mag- 
nolia). The terminology for describing Magnolia seeds 
used below follows that of Tiffmey (1977). 


Magnolia muldoonae sp. nov. 
Plate 26, figures 1-9, 18, 20 


Etymology.—This species is named for Maureen 
Muldoon, recognizing the importance of her assistance 
with field work at the Nut Beds. 

Description.—Infructescence an elongate axis with 
helically arranged woody follicles; seeds narrowly to 
broadly ovate, asymmetrical, often dorsiventrally 
compressed, lensoidal to rounded-triangular in cross 
section, acutely to obtusely pointed at the micropylar 
end, rounded basally with a slight bulge at the heter- 
opyle; length 4.0—7.8, avg. 6.0 mm (SD=0.93, n=58), 
width 2.5-8.4, avg. 4.7 mm (SD=1.44, n=6l), thick- 
ness 1.5—3.7, avg. 2.4 mm (SD=0.49 n=60); seed cast 
surface smooth, heteropyle located centrally on the 
rounded end with a relatively small, circular moat; 
stalk bowed ventrally at right angles to the long axis 
of seed; sclerotesta 250 um thick. 

Specimens.— Holotype: UF 6529, infructescence with 
intact seeds. Paratypes: UF 6546, 6555, 6556, 9728 
(22 specimens), USNM 312756 (Bones, 1979, pl. 5, 
fig. 5), 355378 (6 specimens), 355407 (3 specimens), 
355413 (2 specimens), 355421, 355537 (12 speci- 
mens), 355540 (20 specimens), 355646 (several spec- 
imens), 424697-424699, seed casts. 

Discussion.— Magnolia muldoonae is the most com- 
mon species of Magnolia in the Nut Beds assemblage, 
and is particularly abundant in a stratum exposed in 
the gully between Faces 3 and 4. It is represented by 
a permineralized infructescence (PI. 26, figs. 1, 2) and 
numerous chalcedony seed casts (e.g., Pl. 26, figs. 3- 
9). The seed casts are usually internal molds of the 
sclerotesta, and thus present slightly different surface 
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features from the lignitized fossils commonly described 
in the literature (Mai, 1975; Tiffney, 1977). Although 
the seeds vary from longer than wide (PI. 26, figs. 3- 
5) to wider than long (PI. 26, figs. 6-8), similarities of 
the heteropylar region, including the slightly swollen 
chalaza and ventrally directed stalk (Pl. 26, figs. 7, 8), 
suggest that they all represent the same species. This 
is also suggested by the occurrence of numerous seeds 
of variable length/width ratio together in concentrated 
pockets in the sediment. 

Tiffmey (1977) presented a helpful conspectus of ex- 
tant and fossil magnoliaceous seeds. Seeds with a 
smooth-surfaced sclerotesta characterize most extant 
species of Magnolia. Seeds of other species of Mag- 
nolia, including those formerly placed in Ta/auma, 
and seeds of Michelia and Manglietia, have verrucate 
and/or rugulate surfaces. This surface ornamentation 
carries through to the inside of the sclerotesta, and 
therefore the smooth surface of the 7. mu/doonae seed 
casts supports the assignment to Magnolia. 

The thickness of the sclerotesta as seen in thin-sec- 
tions of the infructescence 1s up to 250 um, as is typical 
for most extant species of Magnolia. Nevertheless, the 
sclerotesta is thin in relation to that of some other fossil 
species, such as M. waltonii Tiffney (1977) from the 
Oligocene Brandon Lignite of Vermont and M. lignita 
from the Miocene and Pliocene of Europe (Mai, 1975), 
which may be 400 to 1000 um thick. Tiffney (1977, p. 
319) reported a single seed from the Clarno Nut Beds 
locality (HU 59970) that is similar to MM. waltonii in 
size, testal wall thickness and chalazal configuration, 
but noted that further comparison is limited by poor 
preservation of the Clarno specimen. The specimen 
may represent an additional species of Magnolia that 
is not considered in this monograph due to insufficient 
material. 


Magnolia paroblonga sp. nov. 
Plate 26, figures 10-17 


Etymology.—Para (Gr = beside, near) + oblonga, 
denoting the similarity of this species to /. oblonga 
Chandler from the London Clay flora. 

Description.—Seed cast narrowly to widely subcor- 
diform, asymmetrical, dorsiventrally compressed, more 
or less lenticular in cross section; length 5.0-7.3, avg. 
6.3 mm (SD=0.63, n=17), width 5.5-11.3, avg. 8.5 
mm (SD=2.0, n=17), thickness 2.0—4.3, avg. 3.3 mm 
(SD=0.71, n=17); base truncate, with an elongate cha- 
lazal groove that is nearly as long as the seed width, 
with (in two specimens, UF 9190, 9192) a small central 
elliptical stalk scar; apex with acute to obtuse micro- 
pylar point; lateral margins straight to rounded, some- 
times with one or two flat faces (suggesting more than 
one seed per carpel), often with a faint median ventral 


groove; inner surface of sclerotesta smooth or with 
longitudinal striations the chalazal scar. 

Specimens.— Holotype: UF 9192. Paratypes: UF 
9184-9191, 9192-9196, 9250, USNM 434998- 
435000. 

Discussion.— Magnolia paroblonga is represented in 
the Nut Beds assemblage by internal molds of the seed 
coat collected at the top of Face 3. The thickness of 
the sclerotesta is not known. It is readily distinguished 
from the other Clarno magnolias by longitudinal stri- 
ations in some of the specimens (PI. 26, figs. 14-16) 
and by the elongate chalazal moat (PI. 26, figs. 14, 15, 
17). This elongate groove is a feature shared with M. 
longissima (Bowerbank) Reid et Chandler (1933) and 
M. oblonga Chandler (1961b) of the London Clay flora. 
Many of the Nut Beds specimens conform with Chan- 
dler’s diagnosis of /. oblonga, but there are also sev- 
eral specimens that are narrower and thicker than those 
described by Chandler. 

Seeds with an elongate chalazal moat are very un- 
usual among extant Magnolia species. In reviewing 
more than 30 species represented in the extant Mag- 
nolia seed collection prepared by Bruce Tiffney at the 
Harvard Herbaria, I observed only a single species with 
this character, Magnolia quinquepeta (Buchoz) Dandy 
(Arnold Herbarium: Ren Chang Ching 2037) from 
Chekiang, China. The structure is not obvious on the 
surface of the sclerotesta, but is seen on the inside 
surface as a fusiform thickening at the heteropylar end 
of the endosperm cavity. 


Magnolia tiffneyi sp. nov. 
Plate 25, figures 10-12; 
Plate 26, figure 19 


Etymology.—This species is named in recognition 
of the contributions of Bruce H. Tiffney to the study 
of fossil Magnolia seeds. 

Description.—Seed narrowly to broadly ovate, 
asymmetrical, often dorsiventrally compressed, len- 
soidal to rounded-triangular in cross section, some- 
times with a median longitudinal trough on the ventral 
side, acutely to obtusely pointed at the micropylar end, 
rounded at the heteropylar end; length 8.4—12.1, avg. 
10.3 mm (SD=1.15, n=10), width 6.0-10.2, avg. 8.3 
mm (SD=1.44, n=10), thickness 2.6—4.5, avg. 3.5 mm 
(SD=0.71, n=8), surface smooth; heteropyle located 
centrally on the rounded end, not swollen, with a prom- 
inent v-shaped moat with stalk oriented more or less 
parallel to the long axis of seed. 

Specimens.— Holotype: UF 6549, seed cast. Para- 
types: UCMP 10744, UF 9729-9732, USNM 435002, 
435003, UWBM 36070, seed casts; UF 9733, infruc- 
tescence. 

Discussion.— Although M. muldoonae is relatively 
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common in the Nut Beds, M. tiffneyi is represented 
only by a few specimens. Seeds of Magnolia tiffneyi 
differ from those of M4. muldoonae by their large size, 
the v-shaped rather than rounded moat, and by the 
lack of a chalazal swelling. In addition, the stalk is 
oriented more or less parallel to the long axis of the 
seed rather than bending ventrally (PI. 25, figs. 11, 12). 
Seeds of M. tiffneyi are similar in size and morphology 
to those of extant M. grandiflora L. of the eastern Unit- 
ed States, and to fossils of M. septentrionalis Tiffney 
from the Brandon Lignite of Vermont (Tiffmey, 1977). 


Family MENISPERMACEAE Juss. 


The Menispermaceae, or moonseed family, includes 
about 78 living genera and 520 species. The family 
consists mostly of woody climbers and, with the ex- 
ception of a few temperate species, 1s chiefly tropical, 
with representatives in Asia, Africa, Australia and 
America. Menisperms are common “where the canopy 
is interrupted, e.g. along river banks, margins of forest 
or in clearings”’ (Forman, 1986). The Menispermaceae 
are diverse in the Eocene of Europe as indicated by 15 
genera and 22 species recognized in the London Clay 
(Chandler, 1964). Based upon leaves Wolfe (1977) rec- 
ognized 11 genera of Menispermaceae from the Paleo- 
gene of Alaska. 

Fruits of the family are drupes with distinctive en- 
docarps that provide characters important in distin- 
guishing tribes and genera (Diels, 1910; Thanikaimoni, 
1984; Forman, 1986). The endocarps are commonly 
boat-shaped or horseshoe-shaped with various pat- 
terns of ornamentation or sculpture and often have a 
prominent bilobed ventral infold or condyle. 

The Menispermaceae are the most diverse family in 
the Nut Beds with three tribes and 13 genera of fruits: 
Coscineae (Anamirta), Tinosporeae (Chandlera, 
Odontocaryoideae, Calycocarpum, Tinospora, Tinom- 
iscoidea, Atriaecarpum, Curvitinospora) and Menis- 
permeae (Davisicarpum, Diploclisia, Eohypserpa, Pa- 
leosinomenium, Thanikaimonia). Scott (1954, 1956) 
described two of the extinct genera, Chandlera, and 
Odontocaryoidea, and noted their importance in un- 
derstanding evolution of endocarp sculpture in the Ti- 
nosporeae. In addition, at least four types of menis- 
permaceous leaves are present (Manchester, 1981 and 
unpublished). 


Tribe COCSINIEAE 
Genus ANAMIRTA Colebr. 


Anamirta leiocarpa sp. nov. 
Plate 27, figures 1-7; Text-figure 14A 
Etymology.—Leio (Gr = bald) + karpos (Gr = fruit), 
emphasizing the smooth surface of the endocarp. 


Description. — Fruit unilocular with a single seed; en- 
docarp globose, diameter 6.2-8.6, avg. 7.5 mm, 
(SD=0.6 mm, n=5), smooth except for a fine median 
keel, and the closely adjacent pedicel and style scars; 
locule subspherical, deeply intruded by a bilobed bul- 
bous condyle; condyle about % as high and '3 to '2 as 
wide as the endocarp and hollow from the base with 
a median septum, wall of the condyle 0.2-0.3 mm 
thick; endocarp wall 0.32-0.40 mm thick, composed 
of fibers 5.0-8.5 wm in diameter, 250 um long that are 
oriented periclinally in the “4 adjacent to the locule, 
but anticlinally oriented in the outer %4 of the wall. 

Specimens.— Holotype: UF 8745. Paratypes: UF 
5712, 6305-6309, 6468, 8728, 8746, USNM 355622, 
424641, UCMP 10612, 10613. 

Discussion.—Anamirta leiocarpa is represented in 
the Nut Beds by silicified endocarps. Because the outer 
surface of these endocarps is smooth and rather non- 
descript (Pl. 27, fig. 1), the species is most easily rec- 
ognized in broken or sectioned specimens showing the 
prominent, central, bilobed condyle (PI. 27, figs. 2-5). 
Thin sections reveal that the endocarp wall is com- 
posed predominantly of anticlinally oriented fibers (PI. 
27, fig. 7). The identification of these fossils as Ana- 
mirta 1s Supported by the globose form and relatively 
thin wall of the endocarp, the deeply intruded condyle 
and by the wall anatomy. Anamirta leiocarpa resem- 
bles the only modern species of the genus, A. cocculus 
(L.) Wight et Arn. (PI. 27, figs. 8, 9), in size and en- 
docarp morphology, but 4. cocculus has a minutely 
verrucate surface unlike the smooth surface of the fos- 
sil. 

Extant Anamirta is distributed from India to Indo- 
china and throughout Malesia. 4. coccu/us is an in- 
habitant of lowland areas that occurs, according to 
Forman (1986) “in a variety of conditions, on banks 
of rivers and streams, coastal forest, savanahs, on ba- 
salt, limestone and sandy soil, both in rain-forest con- 
ditions and in seasonal climates. . . , but witha distinct 
preference for seasonal conditions.”’ Although this 1s 
the first confirmation of Anamirta based on the fossil 
fruit record, the genus has also been identified on the 
basis of fossil leaves from the Eocene Kulthieth For- 
mation of southeastern Alaska (Wolfe, 1977). 


Tribe TINOSPOREAE 
Genus CHANDLERA Scott 


Chandlera lacunosa Scott 
Plate 27, figures 10-20; Text-figure 13B 


Chandlera lacunosa Scott 1954, pp. 76-78, pl. 15, figs. 32-41, Scott, 
1956, pp. 75-77, fig. la. 


Description. — Fruit unilocular with a single seed; en- 
docarp oblong, bilaterally symmetrical, rounded-rect- 
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angular in dorsiventral view, long-elliptical in lateral 
view, elliptical in cross section, rounded apically and 
basally; length 26.5-51.7, avg. 32.7 mm, (SD=4.75, 
n=22), width 14.7—28.9, avg. 24.3 mm (SD=4.5, n=27), 
thickness 9.8—23.5, avg. 15.9 mm (SD=3.1, n=27); 
surface smooth, with a median thread-like longitudinal 
groove both dorsally and ventrally in the plane of sym- 
metry; endocarp base and apex each with a pair of 
elliptical apertures (3-4 x 5-7 mm in diameter, located 
on either side of the plane of symmetry) opening into 
a system of lacunae; endocarp wall 5-6 mm thick, 
enclosing eight longitudinal, parallel lacunae, two ven- 
tral (condylar) and six lateral; lacunae rounded in trans- 
verse section, not connected across the plane of de- 
hiscence, their walls rugulose; the three parallel lacunae 
in each valve irregularly connected laterally; the la- 
cunae united at their ends and extended outward. Loc- 
ule cast elongate, straight, boat shaped, length 21.0- 
39.3, avg. 32.7 mm (SD=4.75, n=22), width 11.5- 
18.4, avg. 14.7 mm (SD=1.8, n=22); thickness 6.9- 
13.7, avg. 10.0 mm (SD=1.9, n=22); acute to apiculate 
at the apex, somewhat less acute at the base, dorsal 
surface convex, slightly and irregularly sculptured, with 
a median longitudinal keel; angular in transverse sec- 
tion, each straight segment of the aggregately convex 
profile opposite a lacuna in the endocarp wall; ventral 
surface shallowly concave with a median longitudinal 
keel; placental scar median, subapical on the ventral 
side. 

Specimens.—Syntypes of Scott (1954): UM 29920- 
29922. Hypotypes: OMSI Pb258, UCMP 10638, UF 
9249, USNM 354526, 354532, 354472, 354579, com- 
plete endocarps; UCMP 10639, 10640, UF 6844-6847, 
6850, 9254, USNM 354474-354476, 354499, 354500, 
354510, 354522, 354547, 354548, 354577-354581, 
locule casts; OMSI Pb243, 171, 253, USNM 354468, 
354470, 354473, 354482, 354515, 354516, 354525, 
354537, 424848, locule casts surrounded by lacunae 
casts. 

Discussion.—Chandlera lacunosa is the largest of the 
Clarno menispermaceous fruits. It is present through- 
out the Nut Beds deposit, represented by molds and 
occasional casts of the endocarp (PI. 27, figs. 10, 15), 
and by chalcedony and/or sediment casts of the lacunae 
(Pl. 27, figs. 12-14) and locule (Pl. 27, figs. 17-20). 
Fractured specimens show the position of lacunae in 
the endocarp wall (Pl. 27, figs. 11, 16). I have not 
observed Chandlera at other Clarno localities or else- 
where in the fossil record. 

The boat-shaped locule casts with subapical placen- 
tation (Pl. 27, fig. 17) and straight longitudinal axis 
indicate affinity with the menispermaceous tribe Ti- 
nosporeae. The endocarp is larger than that of any 
known living species of the tribe and the endocarp wall 


is thick relative to that of extant genera of the tribe. 
Scott (1954, 1956) named and recognized Chandlera 
as an extinct genus in the Tinosporeae. He noted that 
Chandlera is closest to the modern genus Parabaena 
in seed and condyle morphology, but noted that neither 
Parabaena nor any other living genus of Tinosporeae 
has endocarps with lacunae enclosed in their walls. 
Scott (1956) pointed out that the rows of spines in 
endocarps of extant taxa such as Parabaena are prob- 
ably homologous with the intralacunar partitions of 
Chandlera, and suggested that spiny endocarps evolved 
from unsculptured lacunate endocarps through loss of 
the outer wall. 

Little is known of the dispersal biology of Tinos- 
poreae. Perhaps the spiny endocarps of related modern 
genera are suitable for animal dispersal, the spines be- 
coming entangled with animal fur, whereas the smooth, 
lacunose endocarps of Chandlera may have been 
adapted for water dispersal. The system of lacunae 
within the endocarp wall is a striking feature of this 
genus, and could have provided buoyancy for water 
dispersal of the fruits. 


Genus ODONTOCARYOIDEA Scott 


Odontocaryoidea nodulosa Scott 
Plate 28, figures 1-10, Text-figure 13C 


Odontocaryoidea nodulosa Scott 1954, pp. 74-76, pl. 15, figs. 22- 
29, Scott 1956, pp. 77-79, fig. 2a. 


Description.— Fruit unilocular, single-seeded; endo- 
carp oblong, bilaterally symmetrical, pointed apically, 
truncate basally, crescent-shaped in cross section, length 
17.5-28.0, avg. 22.0 mm (SD=3.2, n=11), width 9.0- 
13.9, avg. 11.0 mm (SD=1.36, n=11), thickness 6.0- 
10.4, avg. 8.4 mm (SD=1.3, n=11), base with a pair 
of rounded cavities coalesced across the plane of sym- 
metry, apex with a pair of rounded cavities on either 
side of the plane of symmetry; dorsal surface convex, 
finely scabrate to smooth, ventral side hollowed out 
like a boat, with fine transverse striations; a median 
longitudinal keel running along the dorsal and ventral 
surfaces in the plane of symmetry is particularly prom- 
inent in the ventral hollow, indicating a bilobed con- 
dyle; thickness of lateral limb 3—4 mm; endocarp wall 
1.3 mm thick. Locule cast elongate, straight, boat 
shaped, length 12.9-24.1, avg. 19.8 mm (SD=2.4, 
n=52), width 8.1—13.0, avg. 10.1 mm (SD=1.1, n=53), 
thickness 5.6-8.3, avg. 7.0 mm (SD=0.67, n=46), 
pointed apically, flat basally, dorsal surface convex, 
smooth, ventral surface concave and transversely ru- 
minate with a grooved median keel over the dorsal and 
ventral surfaces, placental scar median, subapical on 
the ventral side. 

Specimens.—Syntypes: UM 29915, 29916. Hypo- 
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types: UF 6869, 6872, 6874, 6877, USNM 354438, 
354453, 354456, 354461, 424850, relatively complete 
endocarps; HU 60021, 60020, OMSI Pb172 (3 spec- 
imens), UCMP 10641-10644, UF 6854-6868, 6870- 
6876, 6878-6880, UM 29917, 29918, USNM 35444 1- 
354455, 354457-354460, 354462-354467, isolated 
locule casts. 

Discussion.— Odontocaryoidea nodulosa is the most 
abundant moonseed in the Nut Beds and occurs 
throughout the vertical and lateral extent of the de- 
posit. It is represented by locule casts (Pl. 28, figs. 5— 
9) and occasional casts of the complete endocarp (PI. 
28, figs. 1-4). The locule casts are usually composed 
of white chalcedony, occasionally of siltstone or sand- 
stone, and sometimes are surrounded by the carbo- 
naceous or permineralized remains of the thick en- 
docarp wall without lacunae (PI. 28, figs. 5, 10). The 
locule casts are readily distinguished from those of 
Chandlera lacunosa by the truncate base and smaller 
size. 

This species was described by Scott (1954) as a new 
genus in the Menispermaceae, tribe Tinosporeae. He 
noted that genera with endocarps that are straight or 
only slightly curved from base to apex occur in the 
tribes Peniantheae, Fibraureae, and Tinosporeae, but 
observed that “Straight endocarps possessing broad, 
deep condyles are found only in the Tinosporeae.”’ As 
its name implies, this genus resembles the modern 
Odontocarya Miers, which occurs from the West Indies 
and Panama to the Amazon Basin. However, endo- 
carps of the modern genus differ in being smaller, and 
thinner-walled. Odontocaryoidea differ from known 
living genera by the possession of the paired rounded 
cavities at the base and apex of the endocarp. Scott 
(1956) showed how the tridentate apex and base of 
Odontocarya endocarps could be derived by reduction 
from Odontocaryoidea-like structure. 


Genus CALYCOCARPUM Nutt. ex Torr. et Gray. 


Calycocarpum crassicrustae sp. nov. 
Plate 28, figures 11-17; Plate 29, figure 1; 
Text-figure 13A 


Etymology.— Crassus (L = thick) + crusta (L = shell), 
referring to the thick wall of the endocarp. 


Description.—Fruit unilocular, single-seeded, en- 
docarp subhemispherical, cupshaped, bilaterally sym- 
metrical, elliptical to nearly circular in dorsiventral 
view, rounded apically and basally, length 19.0 mm, 
width 13.8 mm, thickness 9.0 mm; surface smooth, 
except along the ventral rim, which is rugulate; with a 
longitudinal keel in the plane of symmetry running 
along the concave ventral and less prominently on the 
convex dorsal surface of the endocarp; endocarp wall 
0.6 (adjacent to the condyle) to 1.2 mm (along dorsal 
side) thick, without lacunae, composed of fibers 9-20 
um in diameter, more than 250 um long, mostly per- 
iclinal, stratified in layers of varying orientation. Loc- 
ule cast subhemispherical, cupshaped, bilaterally sym- 
metrical, length 10.8-18.2, avg. 14.6 mm (SD=1.8, 
n=19), width 8.8-15 avg. 12.5 mm (SD=1.6, n=19), 
thickness 4.0-10.8, avg. 8.0 mm (SD=1.5, n=19), sur- 
face smooth even along the ventral rim, with a median 
longitudinal keel in the plane of symmetry developed 
both dorsally and ventrally; placental scar median, 
subapical on the ventral surface. 

Specimens.— Holotype: UF 6769, permineralized 
endocarp. Paratypes: USNM 424849, complete en- 
docarp cast, UCMP 10564, permineralized endocarp; 
OMSI Pb173 (2 specimens), 471, 1838, UCMP 10565- 
10567, 10746, UF 6770-6779, 6781-6787, USNM 
354161, 354504, 354505, 424841-424846, 354503 
(three incomplete specimens), locule casts. 

Discussion.—This species was recovered from silt- 
stone of the lower part of Face 3 as well as from the 
upper strata of the Nut Beds. It is most commonly 
preserved as chalcedony locule casts (Pl. 28, figs. 13, 
14, 17) that occur loose within the sediment mold of 
the endocarp. Occasional endocarp casts (Pl. 28, figs. 
11, 12) and permineralizations also occur. The holo- 
type is a permineralized endocarp (PI. 28, figs. 15, 16) 
that has been sectioned to reveal internal anatomy (PI. 
29 figs 1h); 

This fossil species conforms to the Tinosporeae in 
the large ventral condyle, subapical placenta and me- 
dian keel. In size and morphology these fruits closely 
resemble those of extant Calycocarpum. Even the ru- 
gulate sculpture of the ventral rim of the endocarp (PI. 
28, fig. 12), and contrasting smooth ventral rim of the 
locule cast (Pl. 28, fig. 14), corresponds to the condition 
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Text-figure 13.—Fruits of Menispermaceae, tribe Tinosporeae, from the Nut Beds. A, Calycocarpum crassicrustae sp. nov., endocarp ventral 
view, locule cast apical view, endocarp in transverse section. B, Chandlera lacunosa Scott, endocarp, ventral view (essentially identical to 
dorsal view), apical view showing pair of apertures, transverse section. C, Odontocaryoidea nodulosa Scott, endocarp, ventral view, apical 
view, and in transverse section. D, Tinospora elongata sp. noy., endocarp, ventral view, with portion of wall removed, revealing smooth 
surface, and same in transverse section. E, Curvitinospora formanii sp. nov., locule cast in transverse section, ventral view, dorsal view, and 
lateral view. F, Tinospora hardmanae sp. nov., locule cast, ventral view, and in transverse section with portion of spiny endocarp reconstructed 
based upon incomplete surface molds. G, Atriaecarpum clarnense sp. nov., locule cast ventral view, dorsal view and in transverse section. H, 
Tinomiscoidea occidentalis sp. nov. locule cast apical view, ventral view and dorsal view. Scale bars = | cm. 
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in the extant species. However, the fossil differs from 
extant C. /yonii (Pursh) Gray in having a thicker en- 
docarp wall. The endocarp wall of the extant genus is 
about 3 as thick as that of the fossil (cf. Pl. 28, figs. 
16 and 18). 

Calycocarpum crassicrustae more closely resembles 
extant C. /yonii than it does ““Calycocarpum? jenkensii 
Chandler” from the London Clay (Chandler, 1961b). 
The latter is smaller and shallower than the Clarno and 
extant species, and probably represents another genus 
of the Tinosporeae. The only living species, Ca/yco- 
carpum lyonii, is a twining, scrambling, deciduous li- 
ana distributed in alluvial woodlands, adjacent wood- 
ed slopes and ravines in southeastern North America. 


Genus TINOSPORA Miers 


Tinospora is a genus with about 32 extant species of 
lianas distributed in tropical Africa, S.E. Asia, Indom- 
alesia, Australia and the Pacific. Referring to the habit 
of three species common in secondary vegetation in 
Thailand, in areas where forest has been destroyed or 
disturbed, Forman (1985) stated that “‘the exceptional 
capacity of these climbers to survive damage and to 
regenerate from detached lengths of stem encourages 
their spread in these disturbed habitats.”” The genus is 
represented by two species in the Nut Beds assemblage. 


Tinospora elongata sp. nov. 
Plate 29, figures 2-8; Text-figure 13D 


Etymology.—Elongatus (L = prolonged), referring 
to the relatively elongate form of the locule cast. 

Description.—Locule cast ellipsoidal, bilaterally 
symmetrical, with a medial dorsal keel in the plane of 
symmetry and a deep ventral hollow; surface smooth 
and rounded, slightly pointed apically and less so ba- 
sally, length 7.7-9.5, avg. 8.4 mm (SD=0.79, n=4), 
width 4.5—5.8, avg. 5.2 mm (SD=0.60, n=5), thickness 
3.8-4.4, avg. 4.1 mm (SD=0.31, n=3); condyle bul- 
bous, 4.8-5.2 mm long, 2.9-4.8 mm wide, intruding 
about 3.0 mm into the endocarp, with median longi- 
tudinal groove; lateral limbs of the locule cast 1.5 mm 
thick; endocarp wall thin, 0.2 mm in the condyle re- 
gion. 

Specimens.— Holotype: USNM 354502. Paratypes: 
USNM 355456, 355467, 424648, 424649, 422391, 
422392. 

Discussion.— Tinospora elongata is known from sev- 
eral locule casts. A carbonaceous film between the con- 
dyle cast and the locule (PI. 29, figs. 3, 4) indicates that 
the endocarp wall was very thin adjacent to the con- 
dyle, however the dorsal side of the endocarp remains 
unknown. The deeply intruded bilobed condyle 1s best 


seen in a transversely broken locule cast (Pl. 29, figs. 
6-8). 

Tinospora elongata closely resembles 7. excavata 
Reid et Chandler and 7. wi/kinsonii Chandler of the 
London Clay flora (Reid and Chandler, 1933; Chandler 
1961b) in size and morphology of the condyle and 
locule cast. However, the Clarno locule casts are some- 
what more elongate in outline. It is not known if the 
endocarps of 7. elongata were tuburcled on the dorsal 
surface like those 7. excavata or perhaps spined as in 
T. wilkinsonii. Among extant species, the endocarps 
range from smooth-walled to verrucate to spinose (For- 
man, 1986). 


Tinospora hardmanae sp. nov. 
Plate 29, figures 9-13; Text-figure 13F 


Menispermaceae, Bones, 1979, pl. 1, fig. 10. 


Etymology.—Named after Carol Hardman ac- 
knowledging her help with field work at the Nut Beds 
locality. 

Description.—Endocarp ellipsoidal, bilaterally sym- 
metrical, estimated dimensions: length 6.8-7.5 mm, 
width 4.2-4.8 mm, thickness 2.5-3.0 mm; concave 
ventrally with a deeply intruded smooth-walled con- 
dyle, dorsal side convex with closely spaced elongate 
spines; endocarp wall 0.6—-0.8 mm thick; longitudinal 
keel in the plane of symmetry on the ventral and dorsal 
surfaces. Locule cast boat-shaped, bilaterally symmet- 
rical, elliptical in dorsiventral view, with a median 
dorsal and ventral keel in the plane of symmetry, con- 
cave ventrally, convex dorsally, rounded apically and 
basally, but with a slight apical projection from the 
keel, length 5.6-6.3, width 3.5—4.3, thickness 1.0-1.2 
mm, surface smooth; lateral limbs of locule cast 0.8 
mm thick, placental scar median, subapical on the ven- 
tral side. 

Specimens.— Holotype: UF 9255. Paratypes: UF 
9256, 9857, 9858, USNM 326715 (Bones, 1979, pl. 1, 
fig. 10), 354492, 424847. 

Discussion.—Among Clarno Tinosporeae, this spe- 
cies has the smallest fruits. Tinmospora hardmanae is 
known from locule casts (Pl. 29, figs. 9, 10, 13) and 
fragments of endocarp molds. Although the endocarp 
itself is not preserved in these specimens, the narrow 
space between locule cast and the endocarp mold (PI. 
29, figs. 9, 10) indicates that the endocarp was 0.6-0.8 
mm thick. Slender protrusions into the matrix at the 
basal end of the endocarp mold (PI. 29, figs. 11, 12) 
indicate the presence of spines. The locule casts of this 
species are smaller, thinner, more elongate and more 
delicate than those described above as 7. elongata. 
Also, there is no evidence for spines in 7. elongata. 
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Genus TINOMISCOIDEA Reid et Chandler 


Tinomiscoidea occidentalis sp. nov. 
Plate 30, figures 1-5; Text-figure 13H 


Etymology.—Occidens (L = of the west), denoting 
the occurrence of this species in western North Amer- 
ica. 

Description.—Locule cast shaped like a shallow boat, 
fusiform in dorsiventral view, bilaterally symmetrical, 
with a median dorsal and ventral keel in the plane of 
symmetry, base and apex sharply pointed, length 12.0, 
16.5 mm, width 5.0, 7.1 mm, thickness 2.5, 3.4 mm; 
longitudinal axis straight, surface smooth; dorsal face 
convex, ventral face shallowly concave, with a placen- 
tal scar subapical along the keel, 2.4 mm below the 
apex, lateral limbs of locule cast thin (ca. 1.2 mm). 

Specimens.— Holotype: USNM 422382. Paratype 
OMSI Pb926. 

Discussion.— Tinomiscoidea occidentalis 1s known 
only from two locule casts. The specimens closely re- 
semble locule casts of Tinomiscoidea scaphiformis Reid 
et Chandler (1933) from the lower Eocene London Clay 
flora in size, sharply pointed base and apex and shallow 
ventral condyle which gives a flattened appearance to 
the locule cast. The length/width proportions are also 
similar as indicated by the ratio of 2.3 in the Nut Beds 
specimens, compared with |.5—2.2 in the London Clay 
species. 

Reid and Chandler (1933) erected the fossil genus 
Tinomiscoidea to accommodate fossil endocarps and 
locule casts similar to extant Tinomiscium but differing 
by having the “ventral cavity sharply delimited by 
faceting of the endocarp wall’’. The Clarno locule casts 
show rounded rather than faceted ventral surfaces (PI. 
30, figs. 1-5), and thus differ from the generic diagnosis 
that was based on T. scaphiformis. However, taking 
into consideration all of the other shared characters, 
it seems reasonable to place both of these species in 
the same genus. 


Genus ATRIAECARPUM Chandler 


Atriaecarpum clarnense sp. nov. 
Plate 30, figures 6-10; Text-figure 13G 


Etymology.—This species is named for the town of 
Clarno, Oregon. 

Description.—Locule cast obovate in face view, bi- 
laterally symmetrical, slightly curved longitudinally; 
length 9.8-12.8 mm, width 6.6-6.7 mm, thickness 2.0 
mm, apex rounded but with a short, beaked tip, base 
rounded, obtuse, dorsal surface with 4—6 longitudinal 
rows of about 8 to 12 closely spaced shallow, circular 
pits; ventral side very slightly concave with a median 
longitudinal ridge, with a row of at least 10 pits on 


either side; depressions on ventral side deeper than 
those on dorsal; thickness of limb 1.7 mm. Endocarp 
wall 0.3-0.4 um thick on ventral side. 

Specimens.— Holotype: UF 9257. Paratypes: OMSI 
Pb481, UF 9761, 9762. 

Discussion.— Although known only from a few spec- 
imens, Atriaecarpum clarnense is readily distinguished 
from other Clarno menisperms by the dimpled dorsal 
and ventral surfaces. Four of the specimens, including 
the holotype, are chalcedony locule casts. The other 
(UF 9761) is a portion of the endocarp preserved in 
sedimentary matrix, broken and exposing the inside 
of the ventral endocarp surface. In size and shallow, 
boat-like morphology it resembles T7inomiscoidea; 
however, it differs by the dimpled sculpture and the 
lack, or only faint development, of a median longitu- 
dinal keel on the dorsal surface. 

Atriaecarpum clarnense resembles the London Clay 
fossil, A. venablesii (Chandler) Chandler (1978), in 
overall shape and surface pitting of the locule cast (cf. 
Pl. 30, figs. 6-10 with Chandler 1978, pl. 4, figs. 4, 5). 
The Nut Beds specimens are larger (6.6-6.7 vs. 4.3- 
5.5 mm wide), and characters of the endocarp, such 
as the conspicuous protruberances observed in the 
London Clay species, are not known for the Clarno 
specimens. Chandler (1978) considered this extinct ge- 
nus to belong in the Fibraureae tribe rather than in the 
Tinosporeae because it lacks the deep ventral condyle 
typical of the latter. However Forman (1985) stated 
that the Fibraureae and Tinosporeae tribes may not 
be distinct because of overlap in floral and endocarp 
characters and in this treatment I have classified 
Atriaecarpum and Tinomiscoidea as representatives of 
Tinosporeae. 


Genus CURVITINOSPORA gen. nov. 


Etymology.—Curvus (L = bent) + Tinospora, refer- 
ring to the shape of the endocarp which resembles that 
of Tinospora except in being curved from base to apex. 

Type species.—Curvitinospora formanil sp. nov. 


Curvitinospora formanii sp. nov. 
Plate 31, figures 1-5; Text-figure 13E 


Menispermaceae, Bones, 1979, pl. 1, fig. 9. 


Etymology.—Named for L. L. Forman in appreci- 
ation of his contributions to the systematics of Men- 
ispermaceae. 

Description.—Locule cast bilaterally symmetrical, 
somewhat boat-shaped, but with the long axis uni- 
formly curved from base to apex resulting in a c-shaped 
lateral profile; base rounded, apex pointed: length 5.1 
mm, width 4.6 mm, thickness ca. 2.0 mm; dorsal sur- 
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Text-figure 14.—Fruits of Menispermaceae, tribes Cocsinieae and Menispermeae from the Nut Beds. A, Tribe Cocscinieae: Anamirta 
leiocarpa sp. nov., endocarp in longitudinal view showing dorsal keel, and longitudinal section showing hollow, bilobed condyle about which 
the locule is curved. B-F. Tribe Menispermeae. B, Diploclisia auriformis (Hollick) comb. nov., endocarp lateral view and front view. C, 
Eohypserpa scottii sp. nov., locule cast lateral view, basal view. D, Thanikaimonia geniculata gen. et sp. nov., locule cast, lateral view, front 
view. E, Palaeosinomenium venablesii Chandler, endocarp lateral view, front view. F, Davisicarpum limacioides sp. nov., endocarp lateral 


view, front view, longitudinal section. Scale bars = | cm. 


face convex, with a three-ribbed appearance formed 
by a prominent median ridge, flanked by a pair of 
longitudinal grooves, and the broad, rounded longi- 
tudinal margins; surface smooth, but with faint broad 
depressions on the dorsal and lateral faces: ventral sur- 
face concave with a median ridge raised more than the 
lateral edges, thread-like raphe at crest of the median 
ridge; placentation subapical on the ventral side; with 
a longitudinal groove on either side of the median 
ventral ridge. 

Specimen.— Holotype: USNM 326714 (Bones, 1979, 
pl. 1, fig. 9). 

Discussion.—Although known only from a single 


chalcedony locule cast, this species can be placed with 
confidence in the Menispermaceae by virtue of its boat- 
shape and subapical ventral placenta. The median keel 
forms a ridge that is more pronounced both dorsally 
(Pl. 31, fig. 1) and ventrally (Pl. 31, figs. 2, 3) than in 
the other Clarno menisperms. 

The boat-shaped morphology of the locule in Cury- 
itinospora 1s similar to that of many Tinosporeae. The 
curvature of the long axis (PI. 31, figs. 4, 5) brings to 
mind that of Hypserpa (See Forman, 1986, fig. 12 f), 
and Eohypserpa. However, the lateral profile of Curv- 
itinospora 1s C-shaped, whereas that of Hypserpa, with 
both limbs meeting, is O-shaped. 
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Tribe MENISPERMEAE 


The Menispermeae tribe (syn. Cocculeae) is char- 
acterized by curved, often horseshoe-shaped, endo- 
carps and seeds. Endocarp sculpture provides good 
taxonomic features for the tribe (Forman, 1974, 1986). 
Two genera are present in the Nut Beds assemblage, 
the fossil genus Palaeosinomenium and the living Asian 
genus Diploclisia. Each is represented by a single spe- 
cies, each of which appears to be identical to species 
from the Eocene London Clay flora. Fruits of this tribe 
are known from the Paleocene of Germany (Mai, 1989) 
and North Dakota (Crane et al., 1990). 


Genus DAVISICARPUM Chandler 


Davisicarpum limacioides sp. nov. 
Plate 31, figures 10-14; Text-figure 14F 


Etymology.—Limacia (an extant genus of Menis- 
permeae) + oides (Gr = like, resembling), referring to 
the similarities between this fossil and the extant genus. 

Description.—Endocarp subglobose, unilocular bi- 
laterally symmetrical with a curved dorsal horseshoe— 
shaped ridge forming a keel in plane of symmetry, 
laterally convex with an inflated condyle; length 4.9 
mm, estimated width in plane of symmetry 5.2 mm, 
thickness across plane of symmetry (and condyle) 3.7 
mm; dorsal keel striated perpendicular to its margin 
but smooth, not fluted; locule horseshoe shaped, sit- 
uated along the dorsal margin of the fruit, containing 
a single curved seed; endocarp wall 70-80 um thick 
where it surrounds the locule, increased to 550-600 
um thick on the lateral flanks of the condyle; locule 
lining uniseriate, composed of rectangular cells, 7.5- 
10 wm high, 7.5-15 wm long, remainder of endocarp 
formed of periclinally oriented fibers 12.5 um in di- 
ameter in that part of the endocarp forming the wall 
around the locule, and of isodiametric cells, 10-70 um 
in the lateral flanks around the condyle. 

Specimen.— Holotype: USNM 435054. 

Discussion.—Davisicarpum limacioides is known 
from a single well preserved specimen that was pho- 
tographed for external morphology (PI. 31, figs. 10- 
12) and then sectioned transversely to show internal 
structure (Pl. 31, figs. 13, 14). In lateral view it resem- 
bles endocarps of various genera of the Menispermeae 
tribe such as Palaeosinomenium (PI. 29, fig. 17), how- 
ever the keel is not fluted, and in transverse view the 
lateral margins are seen to be inflated and markedly 
convex, rather than concave. The condyle was prob- 
ably more or less hollow originally and subsequently 
filled with sediment when the fossil was deposited. 

This species is similar to Davisicarpum gibbosum 
Chandler from the London Clay (Chandler, 1961b, 
1978), but is smaller (width 5.2 vs 7.1—-7.5 mm, length 


4.9 vs 6.5-7.5 mm). Chandler (1978) noted that Day- 
isicarpum shows the closest resemblance to extant Li- 
macia. Both genera have a curved locule and an in- 
flated condyle resulting in markedly convex lateral 
margins. The structure of the Limacia endocarp in 
longitudinal section is shown by Forman (1986, fig. 
12r) and is very similar to that of D. /imacioides (PI. 
31, figs. 13, 14; Text-fig. 14F). Justifying continued 
retention of the fossil generic name Davisicarpum, 
Chandler (1978) noted a consistent morphological dif- 
ference between the London Clay species and Limacia 
that also holds true for the Clarno specimen: ‘‘In Li- 
macia oblonga (Wall) Miers the locular rim is contin- 
ued further towards the attachment than in Davisicar- 
pum so as to leave a small gap only between the ends 
of the limbs, whereas in Davisicarpum the gap is much 
wider.” The endocarps of L. oblonga are two to three 
times larger (15 mm high and wide) than the fossil 
specimens. The other two extant species, Limacia 
scandens Lour. and L. blumei (Boerl.) Diels, have not 
been examined in relation to the fossil material; fruit- 
ing material is not currently available among the col- 
lections of L. blumei (Forman, 1986). Nevertheless, 
Davisicarpum is clearly a close relative of this living 
genus. 

Limacia has three extant species that are woody 
climbers in tropical southeastern Asia and Malesia 
(Forman, 1986). Wolfe (1977) recognized leaves of Li- 
macia from the middle Eocene Kushtaka Formation 
of Alaska. 


Genus DIPLOCLISIA Miers 


Diploclisia auriformis (Hollick) comb. nov. 
Plate 30, figures 11-14; Text-figure 14B 
Carpolithes auriformis Hollick 1936, p. 170, pl. 120, fig. 7. 


Diploclisia bognorensis Chandler 1961b, p. 161, pl. 16, fig. 14-17. 
Dipoclisia, Bones, 1979, pl. 2, figs. 2, 3. 


Description.—Fruit unilocular, single-seeded, en- 
docarp laterally compressed in plane of bisymmetry, 
obliquely obovate in lateral view with broad-rounded 
dorsal surface and acute-rounded base; length 6.3-8.0, 
avg. 7.0 mm (SD=0.75, n=5), width 4.0-6.8, avg. 4.9 
mm (SD=1.20, n=5), thickness 1.4—-1.5, avg. 1.47 mm 
(SD=0.60, n=5); with a keel running along the dorsal 
surface in the plane of symmetry; both lateral margins 
bearing a horseshoe-shaped ridge separating dorsal and 
ventral ornamentation; dorsal side of the ridge marked 
with 25 to 30 radially aligned ribs alternating with 
rounded pits or grooves; inner or ventral flank of the 
ridge smooth and concave, with an obliquely oriented, 
elliptical foramen. Locule cast conforming in mor- 
phology and ornamentation to endocarp, horseshoe- 
shaped with approximately equal limbs. 
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Specimens.—UCMP 10558, 10559, UF 6484, 6485, 
6486, USNM 312648 (Bones, 1979, pl. 2, fig. 3), 312749 
(Bones, 1979, pl. 2, fig. 2), 354508, 354571, 354573, 
446069. 

Discussion.—This species 1s represented in the Nut 
Beds by carbonaceous endocarp compressions (PI. 30, 
figs. 12, 13) and chalcedony locule casts (Pl. 30, figs. 
11, 14). The compressions closely resemble those of 
Carpolithes auriformis Hollick from a Paleogene lo- 
cality on the south shore of King Salmon Lake, Alaska 
Peninsula (Hollick, 1936, pl. 120, fig. 7), and the casts 
closely resemble those described as Diploclisia bog- 
norensis from the London Clay (Chandler, 1961b). 
These occurrences appear to represent a single mor- 
phological species. Endocarps with the horseshoe 
shaped locule and fluted dorsal surface are diagnostic 
of the Menispermaceae, tribe Menispermeae. 

Diploclisia occurs today in East Asia, China and Bur- 
ma to India and the Malay Peninsula. In reference to 
specimens of this species from the London Clay flora 
Chandler (1961b, p. 162) stated that ‘‘The form and 
structure are so closely comparable with the living Di- 
ploclisia that there can be no doubt of the relationship.” 
Among the most similar extant species are D. affinis 
Diels and D. chinensis Merrill. Endocarps of D. affinis 
(specimen examined E.H. Wilson 2286 from western 
Hupeh, China) are particularly similar in size, shape, 
number of ribs, and the smooth ventral surface to the 
fossil species. 


Genus EOHYPSERPA Reid et Chandler 


Eohypserpa scottii sp. nov. 
Plate 29, figures 14-16; Text-figure 14C 


Etymology.—This species is named for Richard A. 
Scott, recognizing the importance of his contributions 
to fossil Menispermaceae. 

Description.—Fruit subglobose, nearly circular in 
lateral view; locule cast bilaterally symmetrical, smooth, 
prominently curved with base and apex nearly touch- 
ing, width across plane of symmetry 7.3 mm, diameter 
in plane of symmetry 8.5-11.5 mm; median keel in 
the plane of symmetry on the dorsal (and ventral?) 
surface becoming more prominent at the apical end, 
apical limb pointed, basal limb blunt-rounded; with a 
central circular aperture 2—2.5 mm in diameter on each 
lateral face, about which the locule is curved. 

Specimens.— Holotype: USNM 354506. Paratype: 
USNM 446075. 

Discussion.— Eohypserpa is represented by two loc- 
ule casts from the Nut Beds. Although the endocarp 
itself is not preserved, the locule morphology is very 
distinctive and is similar that of extant Hypserpa (see 
Forman, 1986, fig. 12). In both there is a central pair 


of lateral apertures in the endocarp about which the 
locule is curved. Locule casts of Eohypserpa scottii 
resemble those of the London clay species, EF. parsonii 
Reid et Chandler (1933), in general form, smooth sur- 
face and size. The London Clay species was diagnosed 
largely on the basis of endocarp features that are not 
preserved in the Nut Beds specimens. 

Reid and Chandler (1933) observed the striking sim- 
ilarity between the London Clay endocarps and those 
of extant Hypserpa, but reported several differences 
that led them to place the fossils in an extinct genus. 
These differences include the following: 1) Reid and 
Chandler stated that the fruits of extant Hypserpa are 
more compressed laterally, whereas those of the Lon- 
don Clay are typically more globose [however, there 
is overlap in this feature]; 2) In Hypserpa the curvature 
of the carpel is less symmetrical than in the London 
Clay fossils; 3) In Eohypserpa the cross section of the 
locule is more elongate but more sharply curved at the 
cusps than in the living genus, and the lateral cavities 
are relatively larger; 4) The fossil endocarps from the 
London Clay are transversely ribbed, but not tubercled 
or angular as in Hypserpa. 

It is not known whether the Clarno species had a 
transversely striate endocarp as in the London Clay 
genus, or a verrucate endocarp as in extant species of 
Hypserpa. However, the available characters including 
symmetry of the locule, curvature and size of the lateral 
cavities, and smoothness of the locule support place- 
ment of the Clarno species in Eohypserpa rather than 
Hypserpa. 


Genus PALAEOSINOMENIUM Chandler 


Palaeosinomenium venablesii Chandler 
Plate 30, figures 15-20; Text-figure 14E 


Palaeosinomenium venablesii Chandler 1961b, pp. 159-160, pl. 16, 
figs. 9-13. 


Description.—Fruit unilocular, single-seeded, en- 
docarp laterally compressed in plane of bisymmetry, 
obliquely ovate in lateral view, with broad-rounded 
dorsal margin and straight ventral margin, endocarp 
length 2.1, 3.5, 3.7 mm, width 2.3, 4.4, 4.3 mm, thick- 
ness 1.0, 1.9, 1.9 mm; dorsal margin of endocarp with 
a prominent median keel in the plane of symmetry 
(0.4-0.5 mm high); both lateral faces with a broad, 
shallow concavity rimmed by a C-shaped ridge sepa- 
rating dorsal and ventral ornamentation; each lateral 
face with 18-21 radially aligned ridges alternating with 
rounded grooves that are developed both ventrally and 
dorsally; an obliquely oriented narrow foramen is sit- 
uated medially near the base. Locule cast obliquely 
C-shaped with the two arms of unequal length, one of 
the arms blunt-tipped, the other tapered to a point, 
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not as sharply sculptured as the endocarp, fluted dor- 
sally with 14-17 depressions, smooth ventrally; length 
2.0-4.1, avg. 2.9 mm (SD=0.61, n=41), width 2.3-4.3, 
avg. 3.3 mm (SD=0.56, n=41), thickness 0.81-2.60, 
avg. 1.33 mm (SD=0.37, n=41), ventral margin mark- 
edly concave, dorsal margin convex. 

Specimens.—USNM 354461, 424815, 424826, en- 
docarp casts; HU 60018, 60019, UCMP 10560-10563, 
UF 6487-6491, 6737. USNM 354494 (17 specimens), 
354489 (6 specimens), 354491 (5 specimens), 354493, 
354514, 354559-355567, 424812-424814, 424816- 
424840, 435101, locule casts. 

Discussion.—This species is known from the Nut 
Beds mostly from isolated chalcedony locule casts (PI. 
30, figs. 19, 20). Molds in the matrix from which the 
locule casts were removed show the impression of the 
endocarp surface (Pl. 30, fig. 15). Rarely, specimens 
are preserved as endocarp casts showing the exterior 
sculpture (Pl. 30, figs. 16-18). In all observable char- 
acters, the Clarno specimens are indistinguishable from 
the London Clay specimens named Pal/aeosinomenium 
venablesii Chandler, although details of internal anat- 
omy described by Chandler (1961b) are not preserved 
in the Clarno specimens. 

Palaeosinomenium endocarps and locule casts bear 
some resemblance to those of Diploclisia described 
above, reflecting their common affinities within the 
tribe Menispermeae. However, P. venablesii is readily 
distinguished from D. auriformis by a smaller length/ 
width ratio, by the unequal length of the limbs, and 
by the presence of ventral sculpture. Similar extant 
genera in the Menispermeae include Menispermum and 
Sinomenium. But according to Chandler (1961b), they 
are distinguished from the fossil by being less oblique 
and having shorter, rounder foramina. Cocculus en- 
docarps are more rounded and inflated than those of 
the fossil, and Cissampelos has a median groove in- 
stead of a median keel. 


Genus THANIKAIMONIA gen. nov. 


Etymology.—This genus is named in memory of G. 
Thanikaimoni, recognizing his contributions to the 
morphology and systematics of Menispermaceae. 

Type species.—Thanikaimonia geniculata sp. nov. 


Thanikaimonia geniculata sp. nov. 
Plate 31, figures 6-9; Text-figure 14D 


Etymology.—Geniculate (L = like the bent knee), 
referring to the strongly curved locule cast. 

Description.—Locule cast obovate, horseshoe- 
shaped, bilaterally symmetrical, length 5.3 mm, width 
in plane of symmetry 4.3 mm, thickness across plane 
of symmetry 4.0 mm, dorsal and ventral surfaces 
smooth, with a median dorsal keel in the plane of 


symmetry; both lateral faces with a prominent median 
concavity about which the seed cavity is curved: limbs 
of the seed cavity nearly equal in length, but with one 
broader and more rounded at its extremity than the 
other, the broader one with a circular scar at its tip. 

Specimen.— Holotype: USNM 355480. 

Discussion.— This species is represented by a single 
locule cast showing a horseshoe-shaped seed cavity (PI. 
31, figs. 7, 8) with a median dorsal keel in the plane 
of bisymmetry (Pl. 31, figs. 6, 9). In general form the 
locule cast of Thanikaimonia resembles that of Diplo- 
clisia, but it differs by the lack of surface sculpture and 
by its greater thickness across the plane of symmetry. 
Smooth locules occur among extant Menispermeae, as 
in Pachygone, but no close morphological match to 
this fossil has been found among extant genera. 


Family MUSACEAE Juss. 


The Musaceae (banana family) have three modern 
genera of old world tropical distribution: Musa L. (35 
spp.), Which is restricted to Asia, Ensete Horan. (7 spp.) 
of Asia and Africa, and Musella C.Y. Wu ex H.W. Li 
(1 sp.), in southern China. Ensete was treated as a 
subgenus of usa prior to its recognition as a genus 
by Cheesman (1947), and Musella was only recently 
segregated from Ensete (Wu, 1981). Features distin- 
guishing Ensete from Musa include persistent bracts 
and flowers, warty rather than granular pollen, and 
larger seeds with a deeply recessed hilar cavity. Musella 
differs from the other two genera by its short stems 
and congested rhizomatous growth. 


Genus ENSETE L. 


Ensete oregonense Manchester et Kress 
Plate 32, figures 1-14, 16-19 
Ensete oregonense Manchester et Kress 1993, pp. 1264-1272, figs. 
2-11, 37. 
Olacaceae, Bones, 1979, pl. 5, fig. 1. 


Description.—Seed anatropous, subfusiform-ellip- 
soidal when complete, circular to subangular in trans- 
verse section, base rounded, apex truncate; length of 
complete seed 10.0-12.0, avg. 10.8 mm (SD=0.96, 
n=4), width 5.3-7.2, avg. 5.8 mm (SD=0.43, n=15), 
with a wide hilar depression, and an operculum (mi- 
cropylar plug) about 1.2 mm in diameter; hilar mm ca. 
1 mm high; outer surface of seed smooth to finely 
striate longitudinally; seed coat of two layers, each 200-— 
250 um thick and composed of longitudinal fibers, the 
inner layer diverging from the outer seed coat near the 
base and apex of the seed, delimiting a chalazal mass 
at one end, a micropylar collar at the other, and a 
central barrel-shaped embryo/endosperm chamber; 
embryo small, 2.5 mm long, straight and bulbous, as- 
cending from the channel delimited by the micropylar 
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collar into the central chamber. Length of specimens 
with hilar rim broken away 6.1-10.0, avg. 7.5 mm 
(SD=0.98, n=15); Length of central chamber (from 
casts missing both the chalazal mass and hilar rim) 
4.3-8.5, avg. 6.0 mm (SD=0.84, n=47), width 5.3-7.2, 
avg. 5.8 mm (SD=0.43, n=15). 

Specimens.— Holotype: UF 6621. Paratypes: HU 
59915, 60039, 60041, OMSI Pb1061, 1314, 1842, 
UCMP 10688-10695, UF 6611-6620, 6622-6642, 
6726, 9739, USNM 326732 (Bones, 1979, pl. 5, fig. 
1), 354608-354613, 354615-354617, 354621-354625, 
354626, 424620, 434966-434982, UWBM 35274, 
36056, 36080. 

Discussion.—Seeds of Ensete are especially common 
in the Nut Beds. They occur in the basal leaf layer in 
Face 4, and are common at the top of Face 3. The 
seeds are preserved in different fashions. Most are chal- 
cedony infillings of the central chamber of the seed. 
These are barrel-shaped casts with a depression and 
circular mark at both ends, sometimes with adhering 
remnants of tegmen and testa (Pl. 32, figs. 3-5, 8, 9). 
Occasional specimens are more complete, with the 
chalazal region intact showing the rounded base. In 
these the profile of the seed is faintly constricted in the 
position corresponding to the septum separating the 
central chamber and chalazal mass (PI. 32 figs. 6, 10). 
The seeds usually are preserved with the operculum 
detached, exposing the micropylar collar. Longitudinal 
sections reveal that the seeds are bitegmic (PI. 32, fig. 
14), with the tegmen diverging from the testa near the 
base and apex of the seed, delimiting the chalazal mass 
at one end and the micropylar collar at the other, and 
a central barrel-shaped endosperm/embryo chamber. 
A small straight embryo protrudes into the endosperm 
chamber from the micropylar end (PI. 32, figs. 12, 13). 
A few specimens show a conical projection at the mi- 
cropylar end (PI. 32, fig. 4) corresponding in position 
to the “nucellar pad’? of McGahan (1961). In a few 
cases the operculum is preserved (Pl. 32, fig. 16). 

The affinities of these and other fossil and extant 
seeds of Zingiberales were treated in detail by Man- 
chester and Kress (1993). Ensete oregonense seeds con- 
form to those of the Musaceae in the thick seed coat, 
well-defined micropylar collar, operculum, and a sep- 
tum dividing the embryo chamber from the chalazal 
mass. Ensete is differentiated from Musa by its ten- 
dency for larger seeds (1 to 2.5 cm), and an enlarged 
hilar depression. The fossil seeds are at the high end 
of the size range for extant Musa seeds and at the low 
end of the size range for extant Ensete seeds. The fossils 
clearly belong to Ensete because of the enlarged hilar 
depression (cf. pl. 32, fig. 15). 

This species is the only known record of Musaceae 
based upon seeds from North America. Although no 


musaceous leaves have been confirmed from the Nut 
Beds, it is likely that there are significant taphonomic 
biases against transport of large, persistent leaves to 
sites of deposition, whereas the seeds could easily have 
been carried by birds and/or water runoff. The confir- 
mation of Ensete seeds in the North American Tertiary 
lends credence to the identification of the family based 
on leaves of Musophyllum complicatum Lesquereux 
from the Eocene Green River Formation of Wyoming 
(Lesquereux, 1878, pl. 15, fig. 1-6). 


Family PALMAE Juss. 


The Palmae (palm family) are represented in the Nut 
Beds by silicified stems and petioles and by Sabal-like 
leaf impressions (Manchester, 1981) as well as by seeds. 
Two species of Saba/ are recognizable on the basis of 
seeds. Previous reports of palm seeds from the Nut 
Beds (e.g., Bones, 1979) were based upon specimens 
that I have dismissed from the Palmae and treated 
here as Coryloides in the Betulaceae. 


Genus SABAL Adans. 


Sabal is a genus of 15 extant species distributed in 
the southeastern United States and Mexico, the West 
Indies and northern South America (Zona, 1990). The 
genus has also been confirmed on the basis of cuticu- 
larly preserved costapalmate leaves from the Eocene 
of Tennessee (Daghlian, 1978), and from seed remains 
from the Tertiary of Europe (Mai, 1976). The two spe- 
cies of Sabal seeds from the Nut Beds are considered 
below. 


Sabal bracknellense (Chandler) Mai 
Plate 33, figures 1-3 
Palmospermum bracknellense Chandler 1961b, pp. 125-126, pl. 13, 
figs. 15, 16. 
Sabal bracknellense (Chandler) Mai 1976, pp. 104-105, pl. 2, figs 
5-9. 
Palmae, Bones, 1979, pl. 1, fig. 3. 


Description.—Seed cast globose to oblate, circular in 
dorsiventral plane section, rounded dorsally, truncate 
ventrally, height and width 3.8-5.3, avg. 4.3 mm 
(SD=0.48, n=14), dorsiventral thickness 4.0-6.8, avg. 
4.7 mm (SD=0.66, n=15); ventral truncation circular, 
shallowly depressed, with a central circular raised area 
1.2-2.0 mm in diameter; sometimes with a shallow 
longitudinal groove passing over the rim of the ventral 
truncation; rim around the truncation rounded, faintly 
ruminate; otherwise, seed surface smooth, occasionally 
with a small circular dome-like area on the surface 
representing protrusion of the embryo. 

Specimens. —UF 8484-8491, USNM 354662 (7 
specimens), UCMP 10720-10727. 

Discussion.—This is the more common species of 
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Sabal in the Nut Beds assemblage. Although preserved 
only as internal molds of the seed coat, without details 
of anatomy, these specimens correspond very closely 
in size and morphology to seeds of Sabal bracknellense 
(Chandler) Mai from the Eocene London Clay (Chan- 
dler, 1961b) and Geiseltal (Mai, 1976) floras. The cir- 
cular dorsiventral outline, and ventral depression with 
central hilum (PI. 33, figs. 1-3) are characters diag- 
nostic of extant Saba/. Referring to Palmospermum 
Jenkinsii, P. bracknellense and P. cooperi from the Lon- 
don Clay, Mai (1976, p. 105) questioned why Chandler 
included these species in a form-genus for palm seeds 
of unknown affinities: ““The characteristics of all these 
species speak very distinctly for their placement in the 
genus Sabal Adans.” 


Sabal jenkinsii (Reid et Chandler) 
comb. nov. 
Plate 33, figures 4-8 


Palmospermum jenkinsi Reid et Chandler 1933, p. 110, pl. 1, figs. 
23, 24. 


Description.—Seed cast globose to oblate, circular in 
dorsiventral view, rounded dorsally, truncate ventral- 
ly; height and width 7.3-9.0 mm, dorsiventral thick- 
ness 5.7—7.4 mm; ventral truncation circular, shallowly 
depressed, with a central raised area 2.2 mm in di- 
ameter, from which cells radiate; with a shallow lon- 
gitudinal raphe groove passing over the rim of the 
ventral truncation; seed surface smooth, with a small 
circular dome representing the protruding embryo vis- 
ible on some specimens; seed coat 130 um thick, of 
two layers, inner layer darker, 20-30 wm thick com- 
posed of uni- or biseriate row of rectangular cells, outer 
layer lighter, not well preserved appearing almost ge- 
latinous but with sharp boundaries, 100 um thick; with 
an additional layer of sclerenchymatous tissue some- 
times preserved in the ventral depression. 

Specimens.—OMSI Pb1812, UF 9751-9754, USNM 
326713 (Bones, 1979, pl. 1, fig. 3). 

Discussion. — Sabal jenkinsii is represented in the Nut 
Beds only by a few specimens from the top of Face 3. 
In one of the specimens a thickened patch of the seed 
coat is preserved in the ventral hollow (Pl. 33, fig.7). 
One specimen still partially embedded in the sedi- 
mentary matrix was sectioned to show the bilayered 
wall structure (Pl. 33, fig. 8). 

This species corresponds to Sabal in overall shape, 
seed coat thickness, and configuration of the ventral 
depression. Just as in extant seeds of the genus, the 
seed coat is thickened in the hilar region much more 
than it is over the body of the seed. The main difference 
between this species and S. bracknellensis is the larger 
size. This species conforms to the diagnosis of Pal- 


mospermum jenkinsii Reid et Chandler (1933), and 
following the suggestion of Mai (1975), is hereby trans- 
ferred to Sabal. 


Family PLATANACEAE Dumort. 


The Platanaceae are a family of one extant genus 
and about 7 species of trees. The family has an excellent 
fossil record that includes inflorescences and infruc- 
tescences extending into the mid-Cretaceous (Friis, et 
al., 1988). The Platanaceae are represented in the Nut 
Beds by wood of Plataninium (Scott and Wheeler, 
1982), leaves of Macginitiea (Manchester, 1986) and 
the three genera of platanaceous infructescences treat- 
ed below: Macginicarpa, Platanus, and the new genus 
Tanyoplatanus. 


Macginicarpa glabra Manchester 
Plate 33, figures 9-12 


Macginicarpa glabra Manchester 1986, p. 209, figs. 20-37, 44. 


Description.—Infructescence spheroidal, 9-15 mm 
in diameter, consisting of a central receptacular core 
3-6, avg. 4.5 mm in diameter surrounded by about 60 
closely packed florets; florets hypogynous, each con- 
taining five, very rarely six, apocarpous achenes arising 
from a pentagonal (rarely hexagonal) receptacle, sur- 
rounded by a perianth of 1 5—30 tepals; tepals extending 
as high as the achenes, 3.5 mm long, 0.6-1.0 mm wide, 
and 0.13-0.5 mm thick, outer tepals thicker than inner, 
but perianth not differentiated into petals and sepals; 
achenes free, arranged in a single whorl with ventral 
sutures contiguous about the floral midline, achene 
body ovoid to ellipsoidal, less commonly obovoid 3- 
4 mm long, 0.5-1.2 mm wide, 0.7—-1.5 mm deep in 
predispersal state, 5-8 mm long and 2.5—3.0 mm wide 
or deep at maturity, with a persistent style up to 2.3 
mm long, slightly curved, with a ventral slit running 
its full length; achenes glabrous, pericarp consisting of: 
the exocarp, with a thin uniseriate layer of cutinized 
epidermal cells, the mesocarp, composed mainly of 
isodiametric parenchyma cells 35-50 um in diameter, 
and the endocarp, made up of a uniseriate layer of 
anticlinally elongate, thick-walled cells, 7-10 um wide, 
60 um high. 

Specimens.— Holotype: UF 5153. Additional spec- 
imens: UF 5153-5159, 5161-5164, USNM 354077- 
354083, 354090-354092, 354095, 354097, 354104—- 
354106, 354115, 354116, 354119-354140, 354142- 
354148, 354150, 354151, 354587. 

Discussion.—Macginicarpa glabra infructescences 
are one of the most abundant reproductive structures 
in the Nut Beds deposit. They are preserved both as 
compressions and as permineralizations. Excellent an- 
atomical details are provided by permineralized fruits 
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that have been fractured (PI. 33, fig. 9) and/or sectioned 
(Pl. 33, figs. 10-12). The same species occurs at several 
other localities in the Clarno Formation, consistently 
associated with digitately palmately lobed leaves of 
Macginitiea angustiloba. Based upon shared platana- 
ceous affinity, and co-occurrence at several localities, 
I have suggested that the M. angustiloba leaves be- 
longed to the same plant that produced Macginicarpa 
infructescences—a plant informally termed the Clarno 
plane tree (Manchester, 1986). Silicified staminate in- 
florescences (Platananthus synandrus Manchester, PI. 
33, fig. 13), isolated stamen groups (Macginistemon 
mikanoides [MacGinitie] Manchester) and platana- 
ceous wood (Scott and Wheeler, 1982) from the Nut 
Beds are also hypothesized to correspond to the Clarno 
plane tree (Manchester, 1986). 

Macginicarpa glabra conforms to the Platanaceae 1n 
the possession of unisexual globose heads of numerous 
florets each bearing several achenes with persistent 
styles and long ventral sutures. However, the species 
differs from living species of Platanus because: 1) it 
has a relatively well developed perianth, 2) the number 
of achenes per floret is relatively constant at five, rather 
than variable within the head, 3) the achenes usually 
are ovoid rather than obovate, 4) dispersal hairs are 
lacking. The lack of dispersal hairs in achenes of Mac- 
ginicarpa suggests that these fruits were not as well 
adapted for wind dispersal as those of extant Platanus 
(Manchester, 1976). Infructescences of Macginicarpa 
are also known from the Early Eocene of Chalk Bluffs, 
California, Middle Eocene of Republic, Washington 
(Manchester, 1986), and from the Paleocene of Joffre 
Bridge, Alberta (Pigg and Stockey, 1991), but are not 
known from the European or Asian Tertiary. 


Genus PLATANUS L. 


Platanus hirticarpa sp. nov. 
Plate 33, figure 14; Plate 34, figures 1-4 


Etymology.—Hirtus (L = hairy, shaggy) + karpos 
(Gr = fruit), referring to the presence of dispersal hairs 
on the fruitlets. 

Description.—Infructescence spheroidal, 8.0 mm in 
diameter, consisting of a central receptacular core ca. 
2 mm in diameter surrounded by numerous closely 
packed florets; florets hypogynous, each containing four 
(or more?), apocarpous achenes, surrounded by a peri- 
anth of about 15 tepals; tepals extending as high as the 
achenes, 2.2 mm long, 0.5-—1.0 mm wide, and 20-30 
um thick, outer tepals thicker than inner, but perianth 
not differentiated into petals and sepals; achene body 
obovate to obtriangular in longitudinal outline, with a 
persistent style up to 2.3 mm long, slightly curved, 
with a ventral slit running its full length; achenes en- 


veloped with numerous hairs that arise from the lower 
portion of the fruit, these hairs large, 24-29 wm in 
diameter, 1250-1500 um long, uniseriate-multicellu- 
lar, composed of cells 80-100 um long. 

Specimens.— Holotype: UF 5160. 

Discussion.—In contrast to Macginicarpa which 1s 
abundant in the Nut Beds, extant Platanus is known 
only from a single infructescence. At the time Mac- 
ginicarpa was described (Manchester, 1986), I didn’t 
know that Platanus was present as well. In addition to 
the infructescence described above, Platanus is now 
known from rare isolated achenes with the character- 
istic dispersal hairs as compression fossils from three 
other Clarno localities (West Branch Creek, White 
Cliffs, Sheep Rock Creek). 

On the basis of infructescence morphology (Pl. 33, 
fig. 14), achene shape (PI. 34, figs. 2, 3) and presence 
of dispersal hairs (Pl. 34, fig. 4), I consider that this 
fossil belongs to the extant genus. Macginicarpa and 
the Cretaceous platanaceous infructescences known as 
Platanocarpus Friis, Crane et Pedersen (1988) differ 
from Platanus because the achenes lack dispersal hairs. 
Macginicarpa 1s also distinguished by ovate, rather 
than obtriangular, achenes. P. hirticarpa represents the 
earliest record of extant Platanus to be confirmed by 
fruit structure, and shows that both extant and extinct 
genera of Platanaceae coexisted in the early Tertiary. 
Platanaceous leaves that appear to represent Platanus, 
and not Macginitiea, are now known from the White 
Cliffs Clarno locality, although they have not been re- 
covered from the Nut Beds. 


Genus TANYOPLATANUS gen. nov. 


Etymology.— Tanyo (Gr = elongate) + Platanus (Gr 
= plane tree), referring to the elongate infructescences 
of this platanaceous plant. 

Type species.—Tanyoplatanus cranei sp. nov. 


Tanyoplatanus cranei sp. nov. 
Plate 34, figures 5-15 


Etymology.—The epithet is named after Peter R. 
Crane, recognizing his contributions to paleobotany 
including the fossil record of Platanaceae. 

Description.—Infructescence elongate-cylindrical, up 
to at least 30 mm long, 5.0, 10.0, 11.0 mm in diameter, 
consisting of a straight central axis 1.6-2.8 mm in di- 
ameter surrounded by numerous closely packed florets; 
florets hypogynous, each containing three to four ap- 
ocarpous achenes, surrounded by a perianth of about 
five to ten thin tepals; tepals extending as high as the 
achenes, perianth not differentiated into petals and se- 
pals; achene body ovate to less commonly obovate in 
longitudinal outline, up to 1.1 mm in diameter, 3.4 
mm long, tapered to a persistent style, with a ventral 
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slit running its full length; numerous hairs arising from 
the lower portion of the fruit and receptacle; hairs large, 
20 um in diameter, more than 500 um long, uniseriate- 
multicellular, the cells 80-100 wm long. Achene anat- 
omy: most of the achenes infertile, lacking locule de- 
velopment, composed of angular parenchyma cells; oc- 
casionally achenes fertile, with a single locule and seed; 
locule lining comprising a uniseriate layer of tall co- 
lumnar cells, 50-80 um high, 10-12 um wide, sur- 
rounded by mesocarp of angular parenchyma cells 40— 
70 um in diameter, with about three vascular bundles, 
exocarp uniseriate layer of small rectangular cells about 
5 um thick and 10-12 um long. 

Specimens.— Holotype: USNM 424876. Paratypes: 
OMSI Pb923, UF 5671. 

Discussion.— Tanyoplatanus is represented by three 
permineralized specimens from the Nut Beds, and by 
a few compression specimens from the West Branch 
Creek and White Cliffs Clarno localities. The general 
appearence is that of an elongate bottle brush or test 
tube brush with numerous florets arranged about an 
elongate axis. Although general aspects of the mor- 
phology are apparent from longitudinally fractured 
specimens (PI. 34, figs. 5, 7), it was necessary to prepare 
serial transverse (Pl. 34, fig. 6) and longitudinal sec- 
tions (Pl. 34, figs. 7-11, 13-15) and acetate peels of 
the infructescences to document anatomical details. 

The infructescences of all previously described fossil 
and extant Platanaceae are more or less globose. 7an- 
yoplatanus compares favorably with Platanus in the 
morphology and anatomy of achenes and in the ar- 
rangement of florets on an expanded receptacular core. 
It differs by the elongated nature of the infructescence 
and by the relatively small number of achenes per floret 
(3-4 vs. 4-9). Although this 1s the first formal descrip- 
tion of the taxon, the genus has been illustrated pre- 
viously and described as ‘elongate infructescence”’ 
(Crane et al., 1990) from the Paleocene of North Da- 
kota, and I have collected it at several localities of the 
Paleocene Fort Union Formation in Wyoming. Both 
in these Paleocene localities and at the Clarno West 
Branch and White Cliffs localities, compound leaves 
of Averrhoites affinis (Newberry) Hickey co-occur, and 
it is possible that these Sapindopsis-like leaves and 
infructescences were borne by the same taxon. 

Unlike Macginicarpa, and like Platanus, the fruits 
of Tanyoplatanus bear numerous dispersal hairs (PI. 
34, fig. 14). The perianth is not as well developed as 
in Macginicarpa, and the number of fruits per floret is 
only three to four (PI. 34, figs. 10, 11, 13), rather than 
five. Anatomically, the achenes of Tanyoplatanus and 
Macginicarpa are very similar, with an endocarp of 
columnar sclereids, a mesocarp of angular parenchyma 
cells and a thin uniseriate cutinized exocarp (Pl. 34, 
fig. 15). 


A single elongate staminate catkin (UF 9342) was 
recovered from the Nut Beds deposit that may also 
correspond to Zanyoplatanus. It has two stamens per 
floret with short filaments, capitate connectives and 
small tricolpate reticulate pollen. 


Family ROSACEAE Juss. 


The Rosaceae, or rose family, includes about 107 
genera and 3000 species of trees shrubs and herbs. The 
family does not appear to be very important in the 
Nut Beds flora, being represented only by the genus 
Prunus. Two species of Prunus are recognized below 
on the basis of fruit types, and the same genus 1s also 
represented in the Nut Beds by silicified wood (E. 
Wheeler, pers. comm. 1991). 


Genus PRUNUS L. 


Prunus olsonii sp. nov. 
Plate 35, figures 1-10 


Etymology.—This species is named after Duane Ol- 
son, recognizing his help with field work in the Clarno 
Formation. 

Description.—Fruit unilocular, single-seeded; en- 
docarp pyriform, bilaterally symmetrical, rounded or 
rounded-truncate basally, tapering apically to an acute 
apex, with an apical keel in the plane of symmetry, 
length 6.6-6.8 mm, width 5.3-5.9 mm, thickness 4.5- 
5.3 mm, endocarp wall 0.35—0.65 mm thick, composed 
of, in succession: 1) a layer of fibers (five to eight cells 
and about 60 um thick); inner part of the fibrous layer 
with fibers mostly oriented horizontally, the rest of the 
layer with fibers mostly oriented longitudinally, 2) the 
outer layer (0.2 mm) thick, composed of polygonal 
sclereids 125-550 um in diameter with interspersed 
idioblasts about 20 wm in diameter, each with a single 
rhomboidal crystal. Locule cast similar in shape to the 
endocarp, smooth, usually with longitudinal raphe 
groove aligned with the apical keel, running from the 
apex to the chalazal truncation, length 5.8-6.0 mm, 
width 4.5—5.0 mm, thickness across plane of symmetry 
4.1-4.3 mm. Seed coat forming a uniseriate layer of 
thin-walled rectangular cells 30 w~m high and 50-90 um 
wide. 

Specimens.— Holotype: UF 9262, permineralized 
endocarp. Paratypes: UF 9748-9750, permineralized 
endocarps; UF 6460, 6461, USNM 354999, locule 
casts. 

Discussion.— Prunus olsonii is represented by a few 
permineralized specimens and several locule casts. The 
locule casts show distinctive features such as pyriform 
shape (Pl. 35, figs. 1, 4), circular chalaza (PI. 35, figs. 
2, 3, 6, 7) and apical keel (Pl. 35, fig. 5). The main 
thickness of the endocarp 1s composed of sclereids with 
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Text-figure 15.—Transverse section of Emmenopterys dilcheri sp. 
nov., showing two carpellate fruit with seeds on axile placentae. 


interspersed crystal-bearing idioblasts (Pl. 35, fig. 10). 
Prunoideae endocarps have a good fossil record in the 
European Tertiary (Mai, 1984), and have also been 
described from the Eocene Princeton chert of British 
Columbia (Cevallos-Ferriz and Stockey, 1991). Cev- 
allos-Ferriz and Stockey (1991) recognized three types 
of Prunus endocarps from the Princeton chert which 
they named informally types | to 3. Similar idioblasts 
and crystals were described in the endocarp that they 
designated Prunus type | (Cevallos-Ferriz and Stockey, 
1991). 


Prunus weinsteinii sp. nov. 
Plate 35, figures 11-15 


Etymology.—This species is named after Michael 
Weinstein, recognizing his invaluable assistance with 
field work in the Clarno Formation. 

Description.—Fruit unilocular, single-seeded, en- 
docarp cherry pit-shaped, bilaterally symmetrical, el- 
liptical in cross section, ovate in longitudinal view, 
with a longitudinal keel running along the margin in 
the plane of symmetry; base rounded, apex pointed; 
length 10.4 mm, width 8.6 mm, thickness 6.2 mm; 
surface gently rugulate; endocarp wall 0.8—1.2 mm thick, 
thickest in the region of the longitudinal keel, com- 
posed of polygonal, flat-sided, angular sclereids 25-38 
um in diameter (these cells becoming thinner walled 
and somewhat larger toward periphery) without ob- 
vious vascular bundles and with scattered idioblasts 
20-30 um in diameter each with a rhomboidal crystal; 
with an abscission/suture plane running from base to 
apex in the plane of symmetry along the ventral mar- 
gin; a pair of vascular bundles straddling the abscission 
plane and running along the exterior of the endocarp; 
locule rounded, smooth lining. Seed coat with a thin 
uni-to biseriate outer layer 30 um thick made up of 
horizontally elongate cells; preserved in dark color. 

Specimen.— Holotype: UF 6800. 


Discussion.— Although Prunus weinsteinii is known 
only from a single specimen, the anatomical preser- 
vation is excellent (Pl. 35, figs. 13-15). This species is 
distinguished from other unilocular fruits of similar 
size from the Nut Beds by the pronounced keel in the 
plane of symmetry and uniformity and compactness 
of the cells making up the endocarp. The restriction of 
the dehiscence plane to the ventral side (and absence 
on the dorsal side) is consistent with Prunoideae and 
distinguishes it from morphologically similar endo- 
carps of Icacinaceae. This species differs from P. ol- 
soni, treated above, by the larger size, thicker endo- 
carp wall, and lack of the layer of fibers lining the 
locule. In overall shape, wall thickness and anatomy 
the endocarp closely matches that of domesticated 
cherry, Prunus avium (L.)L. 


Family RUBIACEAE Juss. 


The Rubiaceae are a large family of about 630 genera 
and 10,400 species of trees, shrubs, lianas and a few 
herbs. The family is distributed worldwide, especially 
in tropical to warm termperate settings. The fossil rec- 
ord of this large family is rather poorly known, but 
there are a few unequivocal records of the family in 
the Eocene of the northern Hemisphere, including the 
taxon described below. 


Genus EMMENOPTERYS Oliv. 


Emmenopterys dilcheri sp. nov. 
Plate 36, figures 1-11; Text-figure 15 


Etymology.—This species is named for David L. 
Dilcher, recognizing the importance of his contribu- 
tions to angiosperm paleobotany. 

Description.—Cymes with pedicellate, elongate fruits; 
infructescence axis at least 20 mm long, 0.5 mm thick, 
pedicels 8-10 mm long, with bract scars subtending 
each pedicel; fruits spindle-shaped, bilocular, septici- 
dal multi-seeded capsules, fusiform in longitudinal 
view, circular to elliptical in cross section; base round- 
ed-acute, tapering smoothly to the pedicel attachment, 
without a scar at the junction of the pedicel with the 
base of the fruit; apex acute, with short epigynous ca- 
lyx; fruit length 15-20 mm, width measured perpen- 
dicular to the septum 6.2—7.0 mm, thickness in the 
plane of septum 3.6—4.0 mm; length/width ratio 2.5— 
2.8; exterior of fruit (exocarp?) smooth, with widely 
spaced longitudinal ribs; each carpel D-shaped in cross 
section, placentation axile, with a T-shaped placenta 
protruding nearly halfway into each locule; endocarp 
wall thin (approx. 0.125 mm), with transversely ori- 
ented fibers adjacent to locule; septum thin, approxi- 
mately equal to thickness of endocarp wall; seeds nu- 
merous, imbricate, flattened and elongate parallel to 
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the long axis of the fruit; seed ca. 3.0 mm long, 1.1- 
1.4 mm wide, 0.3-0.4 mm thick; consisting of an el- 
liptical central body surrounded by a loosely adherent 
wing-like seed coat; seed coat with an outer layer of 
large cells 100-220 um in diameter, four- to seven- 
sided in face view, with thick anticlinal walls but thin 
outer periclinal walls that are frequently collapsed; these 
cells reticulately thickened to form a grid of small po- 
lygonal depressions, 25-30 4m in diameter. 

Specimens.— Holotype: OMSI Pb1197. Paratypes: 
OMSI Pb1307, UF 9333, 9494-9499, USNM 435091. 

Discussion.—Emmenopterys dilcheri is represented 
by compressions of the infructescence (Pl. 36, fig. 1), 
and by casts and permineralizations of individual fruits. 
The holotype (PI. 36, figs. 2, 3) shows the arrangement 
of fruits in the infructescence and, upon sectioning, 
revealed the bilocular structure and axile placentation 
(Pl. 36, figs. 4, 5). An especially well preserved isolated 
fruit was also sectioned (PI. 36, fig. 6) to reveal details 
of seed position and morphology. The seeds, as seen 
in transverse (PI. 36, figs. 7, 8) and longitudinal section 
(Pl. 36, figs. 9-11) show a distinctive seed coat of large 
reticulately thickened cells. 

This species conforms to the Rubiaceae in the cy- 
mose infructescence, inferior ovary, bilocular fruit, ax- 
ile placentation and endocarps with transversely ar- 
ranged fibers. Capsular fruits occur in several tribes of 
the family (Schumann, 1891). Reticulately thickened, 
or “pitted’’ seed coats are characteristic of the subfam- 
ily Cinchonoideae (Bremekamp, 1966), and are con- 
sidered to be plesiomorphic in the Rubiaceae because 
they also occur in Loganiaceae (Bremer and Struwe, 
1992). The fossil 1s placed confidently in the tribe Cin- 
choneae (sensu Schumann, 1891) on the basis of ped- 
icellate, elongate, thin-walled, septicidal capsules, with 
numerous tiny winged seeds (Standley and Williams, 
1975). The Cinchoneae have about 40 genera occurring 
in tropical and subtropical regions. Genera with elon- 
gate, bilocular septicidal capsules particularly similar 
to the fossil include: Badusa (New Guinea, western 
Pacific), Cosmibuena (tropical America), Emmenop- 
terys (China), Exostema, Ferdinandusa (tropical 
America), Ladenbergia (tropical America) and Luculia 
(Himalayas and Yunnan). These genera can be distin- 
guished from one another by the size and extent of 
lobing of the persistent calyx and by features of seed 
morphology including size and shape of the wing, and 
the patterns of thickening of cells in the seed coat. The 
fossil most closely resembles extant Emmenopterys, to 
which it is assigned. Emmenopterys dilcheri compares 
well with extant FE. henryi, a deciduous tree endemic 
to the mixed mesophytic forests of China, in the rel- 
atively inconspicuous persistent perianth, and in fea- 
tures of the seed including elongate wing shape (PI. 36, 


fig. 12) and reticulate thickening of the seed coat cells 
(Pl. 36, fig. 13). 

Emmenopterys dilcheri is the earliest record of fruits 
of Rubiaceae from North America. The same family 
has also been recognized on the basis of cuticularly 
preserved leaves from the middle Eocene Claiborne 
Formation of western Kentucky and Tennessee (Roth 
and Dilcher, 1979). Leaves of Paleorubiaceophyllum 
Roth et Dilcher (1979) have adnate stipules similar to 
those occurring in the genera Condaminea and Cos- 
mibuena of the subfamily Cinchonoideae (tribes Con- 
damineae and Cinchononeae, respectively). Taken to- 
gether, these fruit and leaf records indicate that the 
subfamily Cinchonoideae of the Rubiaceae was well 
established in North America by the middle Eocene. 


Family SABIACEAE Blume 


The Sabiaceae are a family with three genera. Sabia, 
with about 20 species, is a genus of scandent shrubs, 
or rarely erect plants, distributed in eastern and south- 
eastern Asia, Indomalesia and the Solomon Islands. 
Meliosma, distributed in Asia and central America, 
and Ophiocaryon of Central American distribution, are 
mainly trees and shrubs. Meliosma and Sabia are well 
represented in the fossil record of the northern hemi- 
sphere. The Sabiaceae are represented in the Nut Beds 
by several species of Meliosma and one of Sabia. 


Genus MELIOSMA Blume 


Meliosma is a genus of trees and shrubs found in the 
tropics and subtropics of eastern Asia, Malesia, Central 
America and the West Indies. It is well represented by 
endocarps in the late Cretaceous (Knobloch and Mai, 
1986; Crane, Manchester and Dilcher, 1990, p. 32) 
and early Tertiary (Reid and Chandler, 1933; Mai, 
1975; Crane et al., 1990) of Europe and North Amer- 
ica. Meliosma is one of the most species-rich genera 
in the Nut Beds flora with five distinct species based 
upon fruits and seeds: M. beusekomii sp. nov., M. bo- 
nesil sp. nov., M. elongicarpa sp. nov., M. cf. jenkinsii 
Reid et Chandler, and M. leptocarpa sp. nov. In ad- 
dition, the genus is represented at the same locality by 
leaves (Manchester, 1981) and wood (Manchester, un- 
published). Leaves are reported from several other Ter- 
tiary localities in western North America (Taylor, 1990). 

Van Beusekom (1971) emphasized the importance 
of endocarp characters in distinguishing extant sub- 
genera, sections and species of Meliosma. Endocarps 
of Meliosma subgenus Kingsboroughia (Liebm.) Beus. 
are distinguished from those of subgenus Meliosma by 
the lack of a funicular canal within the endocarp. In 
subgenus Kingsboroughia, the vascular supply to the 
seed enters directly through a ventral pore in the en- 
docarp, without passing through a funicular canal. Sub- 
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genus Meliosma is divided into two sections, Meliosma 
(Asian) and Loranzanea (Liebm.) Beus. (Central and 
South American), that can be differentiated by the mor- 
phology of the funicular canal morphology. In section 
Meliosma, the funicular canal is ventrally recessed 
within the endocarp, whereas in section Lorenzanea, 
the canal is ventrally extended. These differences are 
especially clear in longitudinal sections in the plane of 
symmetry as illustrated by Van Beusekom (1971, pp. 
366-367, fig. 4), and are useful in the analysis of fossil 
remains (Pl. 38, figs. 1-4). According to these char- 
acters, the Nut Beds species correspond to subgenus 
Kingsboroughia (M. cf. jenkinsii), and to Meliosma 
subgenus Meliosma, section Meliosma (M. beuseko- 
mii, M. bonesti, M. elongicarpa, M. leptocarpa). 


Subgenus MELIOSMA sensu Beus. 
Section MELIOSMA sensu Beus. 


Meliosma beusekomii sp. nov. 
Plate 37, figures 1-5; Plate 38, figure 1; 
Text-figure 16A 


Etymology.—This species is named after C. F. Van 
Beusekom, recognizing the importance of his contri- 
butions to the systematics of Meliosma. 

Description.—Endocarp subglobose, bilaterally sym- 
metrical, obliquely truncate ventrally with a prominent 
circular funicular cavity or plug, and with a pro- 
nounced keel in the plane of symmetry; unilocular, 
single-seeded; dorsiventral height 3.2—5.7, avg. 4.2 mm 
(SD=0.61, n=31), length in plane of symmetry per- 
pendicular to height 3.2—5.2, avg. 4.0 mm (SD=0.56, 
n-31), width across plane of symmetry 3.0—5.0, avg. 
3.7 mm (SD=0.49, n=31); height/width ratio 1.1; gen- 
tle ridges on the lateral faces delimiting 5 to 10 facets 
or shallow depressions on each side of the median keel; 
lower lateral surface convex-rounded; funicular canal 
passing obliquely into the locule, 1.8 mm long; en- 
docarp wall 0.4 mm thick, woody, composed of 10- 
12 rows of densely packed longitudinally elongate un- 
dulate-walled (“‘centipede-like’’) sclereids. Locule cast 
similar in shape to the endocarp, with more prominent, 
angular funicular cavity, and surface with small elon- 
gate punctae more or less aligned in vertical rows; seed 
conforming to the shape of the locule. 

Specimens.— Holotype: UF 6673. Paratypes: HU 
59978, UF 6672, 6683, 6674-6692, 6694-6705, 
USNM 435119 (lot of 60 specimens). 

Discussion.—This is the most abundant species of 
Meliosma in the Nut Beds. It is represented by per- 
mineralized endocarps (PI. 37, figs. 1-2; Pl. 38, fig. 1), 
and by locule casts (Pl. 37, figs. 3-5). The species is 
distinguished by facets or depressions on the lateral 
faces. The morphology of the endocarp wall in the 


funicular area, as seen in longitudinal section (Pl. 38, 
fig. 1; Text-fig. 16A) conforms to the pattern that Van 
Beusekom (1971) described as diagnostic for subgenus 
Meliosma, section Meliosma, and differentiates the 
species from the extant American section Lorenzanea. 
Among extant species, it is most similar in endocarp 
morphology to M. simplicifolia (Roxb.) Walp. and M. 
pinnata (Roxb.) Walp. 


Meliosma bonesii sp. nov. 
Plate 37, figs. 6-9; Plate 38, fig. 2; 
Text-figure 16B 


Etymology.—The epithet recognizes the major con- 
tributions of Thomas J. Bones through his persistent 
collecting at the Clarno Nut Beds locality. 

Description.—Endocarp subglobose, bilaterally sym- 
metrical, obliquely truncate ventrally with a prominent 
circular funicular cavity or plug and a pronounced me- 
dian keel in the plane of symmetry; unilocular, single- 
seeded; dorsiventral height 3.8-7.6, avg. 5.5 mm 
(SD=1.34, n=7), length in plane of symmetry perpen- 
dicular to height 4.9-7.2, avg. 5.8 mm (SD=0.79, n=7), 
width across plane of symmetry 4.6—7.5, avg. 5.7 mm 
(SD=0.93, n=7); height/width ratio 0.8-1.0; lateral 
faces smooth and rounded; lower lateral surface more 
or less straight; funicular canal passing obliquely into 
the locule, 3.2 mm long; endocarp wall 0.6 mm thick, 
woody, composed of elongate sinuous-walled sclereids. 
Locule cast with more prominent, angular funicular 
cavity, and surface with small elongate punctae more 
or less aligned in vertical rows. 

Specimens.— Holotype: UF 6714. Paratypes: UF 
6712-6717, 6802, 6803, 6811-6816, 6825-6833. 

Discussion.—Meliosma bonesii is represented by 
permineralized endocarps (PI. 37, figs. 6, 7) and locule 
casts (Pl. 37, figs. 8, 9). Endocarps of this species tend 
to be larger than those of M. beusekomii, but there is 
some Overlap in size range. Morphologically, M. bo- 
nesii 1s distingished from M. beusekomii by smooth, 
rounded, rather than faceted lateral faces, and by the 
more or less straight rather than convex basal side. 
Longitudinal sections in the plane of symmetry show 
a well-developed oblique funicular canal (Pl. 38, fig. 
2, Text-fig. 16B) with morphology conforming to that 
indicated of subgenus Meliosma, section Meliosma 
(Van Beusekom, 1971). M. bonesii shows thicker walls 
and a more elongate locule) than M. beusekomii (cf. 
Text-figs. 16B and 16A). 


Meliosma elongicarpa sp. nov. 
Plate 37, figures 10-12; Text-figure 16D 


Etymology.—elongatus (L = prolonged) + karpos 
(Gr = fruit), referring to the elongate form of the en- 
docarp. 
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Text-figure 16.—Meliosma species from the Nut Beds. A, Meliosma beusekomii sp. nov., ventral view and longitudinal section in plane of 
bisymmetry showing oblique funicular canal. B, M/. bonesii sp. nov., ventral view and longitudinal section in plane of bisymmetry. C, M. 
leptocarpa sp. nov. ventral view and longitudinal section in plane of bisymmetry. D, M. elongicarpa sp. nov., ventral and lateral views. E, 
M. cf. jenkinsii Reid et Chandler, ventral view and longitudinal section in plane of symmetry. 


Description.—Endocarp elongate-ellipsoidal, bilat- 
erally symmetrical, with circular ventral funicular plug, 
and with a median keel in the plane of symmetry, 
unilocular, single-seeded; dorsiventral height 9.8 mm, 
length in plane of symmetry perpendicular to height, 
5.0 mm, width across plane of symmetry 4.4 mm, 
height/width ratio 2.2; lateral faces smooth and round- 
ed; lower lateral side convex, rounded; funicular canal 
passing obliquely into the locule. 

Specimen.— Holotype: UCMP 10701. 

Discussion.—This species, known only from a few 
specimens, is distinguished from the other Clarno spe- 
cies by its elongated height, which results in a height/ 
width ratio of about 2; the other species have height/ 
width ratios of about 1. The morphology is consistent 
with placement in section Meliosma. Larger, but sim- 
ilarly elongate endocarps occur in extant M. sumatrana 
(Jack) Walp. of Sumatra. 


Meliosma leptocarpa sp. nov. 
Plate 37, figures 16-19; Plate 38, figure 4; 
Text-figure 16C 


Etymology.—Leptos (Gr = thin, slender) + carpum 
(Gr = fruit) referring to the narrow width of the en- 
docarps. 

Description.—Endocarp ellipsoidal, bilaterally sym- 
metrical, laterally compressed in the plane of sym- 


metry; with a pore on the ventral surface, finely ru- 
gulate, with a median keel running all around the 
endocarp in the plane of symmetry; unilocular, single- 
seeded, dorsiventral height 4.0-5.1, avg. 4.6 mm 
(SD=0.36, n=17), length in plane of symmetry per- 
pendicular to height 2.8-4.5, avg. 3.4 mm (SD=0.52, 
n=17), width across plane of symmetry 2.0-2.6, avg. 
2.2 mm (SD=0.18, n=17); height/width ratio 1.8-2.4, 
surface rugose; endocarp wall 200 um thick, composed 
of longitudinally elongate ““centipede-like” cells. Loc- 
ule casts similar in shape to the endocarps, but smooth- 
surfaced, height 2.8-5.0, avg. 4.0 mm (SD=0.50, n=16), 
length 2.5—4.0, avg. 3.0 mm (SD=0.34, n=16), width 
1.5-2.3, avg. 2.0 mm (SD=0.17, n=16). 
Specimens.— Holotype: UF 6725. Paratypes: UF 
6739-6768, 6817-6819, USNM 355377 (8 speci- 
mens), 355430, 355435 (10 specimens), endocarps. 
Discussion.—This species is very common in the 
Nut Beds. It is distinguished by its very narrow width 
and prominent surface ruminations of the endocarp. 
At first I was hesitant to place this species in Meliosma, 
because the endocarps are more compressed in the 
plane of symmetry than any other extant or fossil spe- 
cies of the genus. However, longitudinal sections (PI. 
38, fig. 4; Text-fig. 16C) reveal internal morphology 
and anatomy diagnostic of Meliosma and funicle as in 
other species of Meliosma. The morphology of the 
endocarp wall in the funicular area, as seen in longi- 
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tudinal section, indicates that this species conforms to 
the Asian section Meliosma. 


Subgenus KINGSBOROUGHIA sensu Beus. 
Section KINGSBOROUGHIA sensu Beus. 


Meliosma cf. jenkinsii Reid et Chandler 
Plate 37, figures 13-15; Plate 38, figure 3; 
Text-figure 16E 


Description.—Endocarp large, subglobose, bilater- 
ally symmetrical, smooth, ventral side marked by a 
prominent rounded triangular funicular plug; with a 
pronounced median keel in the plane of symmetry; 
unilocular, single-seeded; dorsiventral height 8.0-13.2, 
avg. 11.4 mm (SD=1.8, n=7), length in plane of sym- 
metry perpendicular to height, 8.5-13.2, avg. 11.0 mm 
(SD=1.7, n=7), width across plane of symmetry 9.0— 
12.2, avg. 10.4 mm (SD=1.4, n=7), height/width ratio 
0.9-1.0; endocarp wall 0.8—1.0 mm thick, woody, com- 
posed of elongate undulating cells. Locule cast con- 
forming in shape to the endocarp, smooth, rounded, 
with prominent ventral cavity and pronounced median 
keel, height 9.0-11.4, avg. 10.4 mm (SD=1.2, n=7), 
length 7.4-11.5, avg. 9.9 mm (SD=1.5, n=7), width 
7.8-11.3, avg. 9.2 mm (SD=1.6, n=7). 

Specimens.—UF 6706, 6707, 6786, 9405, 9851, 
USNM 355193, 435084, 446060, 446065, 446059. 

Discussion.— Meliosma cf. jenkinsii is distinguished 
from other Clarno species of Meliosma by its larger 
size, smooth contours and more massive ventral plug. 
The funicular canal is short, and not markedly oblique. 
The species is represented by a single complete en- 
docarp and several locule casts, some with patches of 
the endocarp wall remaining. The range of endocarp 
size was extrapolated by adding the thickness of the 
endocarp wall (0.9 mm x 2) to the locule cast dimen- 
sions. 

This species corresponds in size and shape to Me- 
liosma jenkinsii Reid et Chandler from the London 
Clay (Reid and Chandler, 1933; Chandler, 1961b), and 
Geiseltal (Mai, 1975) floras. Van Beusekom (1971) 
states that the fossils ““should undoubtedly be placed 
in Subgenus Kingsboroughia Section Kingboroughia by 
the fact that the vascular bundle running through the 
ventral pore of the endocarp wall is situated ina ventral 
groove in the latter, and is still present in the shape of 
a spatulate ventral ‘plug’ at the ventral side of the 
endocarp.” Longitudinal sections of the Clarno spec- 
imens support Van Beusekom’s conclusion (PI. 38, fig. 
2; Text-fig. 16E). Meliosma Section Kingsboroughia is 
disjunct today between central America and Asia with 
two species, M. alba and M. rufo-pilosa. 


Genus SABIA Colebr. 


Sabia prefoetida (Becker) comb. nov. 
Plate 38, figures 5-8 


Symplocarpus prefoetidus Becker, 1969, p. 10, pl. 13, figs. 19, 20. 
Sabia, Bones, 1979, pl. 3, fig. 14. 


Description.—Endocarp unilocular, single-seeded, 
laterally compressed, bilaterally symmetrical, resem- 
bling a painter’s pallete in lateral view, rounded in 
lateral outline except for a ventral notch containing the 
funicle; length (longest dimension) 3.3-5.5, avg. 4.5 
mm (SD=0.55, n=11), width across plane of symmetry 
1.1-1.6, avg. 1.4 mm (SD=0.15, n=11), height (at right 
angle to length) 3.14.8, avg. 4.1 mm (SD=0.40, n=11); 
keel in the plane of symmetry running from the basal 
scar nearly 320° around the fruit terminating in a sharp 
rostrum adjacent to the ventral notch, both lateral faces 
with about 30 shallow crater-like depressions, which 
are largest in the center, decreasing in size toward pe- 
riphery. 

Specimens.—HU 59977, 59989, UCMP 10652- 
10654, UF 5245, 6727-6736, 6801, 6822-6824, 
USNM 353968. Holotype: YPM-NYBG 894 from 
Beaverhead Basin, Montana. 

Discussion.—Sabia is represented in the Nut Beds 
by endocarp and locule casts. Although no cellular de- 
tails are preserved, the shape, size and surface sculpture 
of these casts correspond closely to extant Sabia. The 
size and sculpture correspond very closely to the en- 
docarp impressions that Becker (1969) illustrated from 
the Christensen Ranch locality of the Beaverhead basin 
of southwestern Montana. Reexamination of Becker’s 
original specimens, now at Yale University, has con- 
firmed that they are endocarp impressions having 
nothing to do with the spadices of Symp/ocarpus. Sabia 
has a good fossil record in Europe, ranging from the 
late Cretaceous of Czechoslovakia and Germany 
(Knobloch and Mai, 1986), to the Miocene of Poland 
(Czeczott and Skirgiello, 1959) and Germany (Gregor, 
1978) to the Pliocene of France (Geissert and Gregor, 
1981). 


Family SAPINDACEAE Juss. 


The Sapindaceae are a large family of 144 genera 
and 1325 species of tropical to temperate trees, shrubs, 
lianas and herbaceous climbers. Fruits of Sapindaceae 
range from berries to samaras (Van Welzen, 1988). 
Seeds of the family are exalbuminous, with highly char- 
acteristic embryos that completely fill the seed. Reid 
and Chandler (1933) observed that “the curved, ta- 
pering radicle, sometimes large, sometimes small, is 
contained in a pocket of the seed coat. The large cot- 
yledons may lie upon or beside one another, and be 
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without folds; or they may lie upon one another and 
be folded or coiled together in a more or less compli- 
cated manner.” Because the superficial characters of 
the embryo are impressed more or less distinctly on 
the inner surface of the seed coat, these characters may 
also be observed in fossil seeds. 

The Sapindaceae are represented 1n the Nut Beds by 
three taxa: Deviacer wolfei gen. et sp. nov., and two 
species of Palaeoallophylus. Elsewhere in the Clarno 
Formation, the family is represented by impressions 
of the distinctive bladder-like fruits of Koe/reuteria 
(Sheep Rock Creek locality, Manchester, unpublished). 
The Aceraceae, which logically should be treated as a 
tribe within Sapindaceae (Radlkofer, 1890; Muller and 
Leenhouts, 1976), have not been identified among the 
Nut Beds fruits and seeds, although Acer fruits occur 
at the Sheep Rock Creek locality of the Clarno For- 
mation (Wolfe and Tanai, 1987), and fruits of Dipter- 
onia occur at the Sheep Rock Creek, Dry Hollow, and 
White Cliffs localities. 


Genus DEVIACER gen. nov. 


Etymology.—Devius (L = turn or bend aside; devi- 
ate) + Acer (L = maple), referring to the backward 
orientation of the fruits with respect to those of Acer. 

Type species.—Deviacer wolfei sp. nov. 


Deviacer wolfei sp. nov. 
Plate 39, figures 1-6; Text-figure 17B 


Etymology.—The epithet is in honor of Jack A. Wolfe 
recognizing his contributions to paleobotany and the 
systematics of Sapindales. 

Description.—Samara bilaterally symmetrical, with 
an elongate lateral wing in the plane of symmetry ad- 
joining an elliptical nutlet; samara length 20-34, avg. 
24 mm (SD=4.7, n=8), width 5.0-10.3, avg. 7.7 mm 
(SD=1.8, n=8); pedicel/stipe (proximal keel) 3-4 mm 
long, without obvious perianth scars; nutlet elliptical, 
length 5.0-8.0, avg. 6.2 mm (SD=1.8, n=7), width 2.2— 
4.5, avg. 3.2 mm (SD=0.82, n=7), up to about 2.5 mm 
thick with reticulate ribbing pattern over the surface, 
rounded laterally except for a flattened abscission scar 
on the dorsal margin; this scar oriented at 40-60° to 
the trend of the wing; wing dorsal margin more or less 
straight to slightly convex, rounded distally; ventral 
Margin concave proximally forming a sulcus adjacent 
to the nut, convex, rounded distally; venation subpar- 
allel, dichotomizing, running parallel to the dorsal 
margin for some distance then arching distally toward 
the ventral margin; veins closer together and coalesced 
along the straight dorsal margin of the wing; a rudder- 
like projection 1.0-1.2 mm long arises from the nut 
opposite the pedicel attachment and protrudes parallel 


Text-figure 17.—Comparison of Acer and Deviacer samaras. A, 
Acer grandidentatum. B, Deviacer wolfei gen. et sp. nov. 


to the long axis of the seed, with its tip recurved toward 
the wing. 

Specimens.— Holotype: OMSI Pb1133. Paratypes: 
OMSI Pb489, 567, 590, 632, 633, 634, 638, 724, 802, 
OZ 0 MOP MANOA TS I24 129-113 OF 321511325, 
1425, 1521, 1524, 1529, 1576, 1593, 1594, 1774, 1786. 

Discussion.— Deviacer 1s common at the Nut Beds 
in a small area of the basal leaf layer at the north end 
of Face 3, preserved as impressions showing good de- 
tails of the venation (PI. 39, figs. 1-5). It is also known 
from impressions at other Clarno localities including 
West Branch Creek, White Cliffs (Pl. 39, fig. 6) and 
Gosner Road. This material appears to be conspecific 
with that from the middle Eocene of British Columbia 
attributed to Acer sp. by Mathewes and Brooke (1971). 

Referring to this type of samara informally as the 
“4cer” arcticum type, Wolfe and Tanai (1987) pointed 
out that it may represent an extinct genus of Aceraceae. 
The samaras resemble those of Acer in shape of the 
seed, the coarse reticulum of veins over the nutlet, and 
in the shape and venation of the wing (PI. 39, figs. 1- 
6), yet they differ fundamentally in mode of attach- 
ment. Whereas in Acer the attachment scar is situated 
on the ventral margin of the nutlet and forms an acute 
angle with the thickened margin of the wing (Text-fig. 
17A), in Deviacer the scar is on the dorsal margin of 
the nutlet and forms an obtuse angle with the thickened 
lateral margin of the wing (Text-fig. 17B). The large 
flat attachment scar indicates that the fruits were schiz- 
ocarpic, with two or more fruits sharing the same axis, 
as in fruits of Acer. In Acer schizocarps the ventral 
wing margins of adjoining samaras face each other. 
Although fruits of Deviacer have not been found in 
connection, the attachment angle indicates that the 
dorsal margins of the wings would have faced each 
other. As noted by Wolfe and Tanai (1987), this ori- 
entation is encountered among extant samaroid Sap- 
indaceae; however, “in samaroid Sapindaceae (pri- 
marily Paullinieae), the samaras are typically attached 
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along the length of the wing (as well as along the nutlet) 
and the veins are not strongly coalesced along one side 
of the wing; this last character is valid also for sapin- 
daceous samaras that are attached only along the nut- 
Teter 

It is not known whether Deviacer samaras were borne 
in pairs as in Aceraceae or in threes as is typical of 
Sapindaceae. Although the family name Aceraceae is 
well ingrained in the literature, there is no firm basis 
for treating it separately from the Sapindaceae. Radlk- 
ofer (1890) concluded on macromorphological grounds 
that the Aceraceae should logically be treated as a tribe 
within Sapindaceae, an interpretation that is also sup- 
ported on the basis of pollen morphology (Muller and 
Leenhouts, 1976). Deviacer is thus treated as an extinct 
genus of Sapindaceae sensu lato. 


Genus PALAEOALLOPHYLUS Reid et Chandler 


The generic name Palaeoallophylus denotes simi- 
larity in pattern of folding of the embryo to that seen 
in extant A//ophylus. However, as noted by Reid and 
Chandler (1933) when they established this genus, sim- 
ilar patterns of embryo folding may occur in other 
extant genera of this large family. Although assignment 
of these fossils to the Sapindaceae is sound, other char- 
acters would be needed to determine how closely the 
fossil is allied to extant 4//ophylus. 


Palaeoallophylus globosa sp. nov. 
Plate 38, figures 9, 10 


Description.—Seed globose, bilaterally symmetrical, 
with a large folded and coiled embryo; length 3.6-6.0, 
avg. 4.6 mm (SD=0.52, n=30), width 3.7—5.2, avg. 4.5 
mm (SD=0.45, n=29), thickness (3.2) 3.5-5.2, avg. 4.1 
mm (SD=0.55, n=29). Length/thickness ratio 0.8—1.2: 
hilar scar medial, adjacent to radical; seed coat smooth, 
thin (0.1-0.2 mm), forming a pocket around the radical 
¥4 as long as the seed; chalaza marked by a transverse 
band inside the seed coat situated about 4 of the cir- 
cumference from the hilum: seed exalbuminous, em- 
bryo large, consisting of two cotyledons folded one 
inside the other like a bent knee, encircled by a coil of 
the hypocotyl and radicle; radicle tapering laterally. 

Specimens.—Holotype: UF 6587. Paratypes: HU 
59965, OMSI Pb194, UF 6585, 6586, 6589-6595, 
USNM 312766 (Bones, 1979, pl. 4, fig. 1), 355041- 
355043, 355046, 355055, 355058, 355059, 424852- 
424857, 424859-424871. 

Discussion.— Palaeoallophylus globosa is represent- 
ed by internal molds of the seed coat; usually the seed 
coat itself is not preserved except in the radicle region. 
These molds clearly show the impression made by the 
large folded and coiled embryo (PI. 38, figs. 9, 10). The 
combination of a coiled embryo and a pocket in the 


seed coat containing the radicle is characteristic of ex- 
tant and fossil Sapindaceae as noted by Reid and Chan- 
dler (1933). This species is similar in shape, but some- 
what smaller than Palaeoallophylus rotundatus Reid et 
Chandler from the London Clay flora (Reid and Chan- 
dler, 1933). 


Palaeoallophylus gordonii sp. nov. 
Plate 38, figures 11-16 


Etymology.—This species is named for Ian Gordon, 
who provided extensive help with paleobotanical field 
work in the Clarno Formation. 

Description.—Seed elongate ovoid, bilaterally sym- 
metrical, rounded apically and truncate to obtuse-con- 
ical at the hilar end; length 4.8-6.0, avg. 5.4 mm 
(SD=0.44, n=13), width 3.3-4.9, avg. 4.1 mm 
(SD=0.43, n=13), thickness 3.2-4.5, avg. 3.6 mm 
(SD=0.43, n=13), length/thickness ratio 1.3—1.8; seed 
coat 75-100 um thick, smooth, forming a pocket around 
the radicle about *3 of the length of the seed: seed 
exalbuminous, embryo large, consisting of two coty- 
ledons folded one inside the other in an “*S” configu- 
ration; radicle tapering toward the hilum. 

Specimens.— Holotype: USNM 424669. Paratypes: 
UCMP 10730, 10731, UF 6584, 6596, 6597, USNM 
355048, 355051 (10 specimens), 355060, 424666- 
424668, 424670. 

Discussion.—This species is represented by internal 
molds of the seed coat, showing the impression of the 
folded cotyledons and the protruding radicle (Pl. 38, 
figs. 11, 12), sometimes with remains of the seed coat 
adhering (Pl. 38, figs. 13-16). The seeds of this species 
are narrower, more elongate, than those of P. globosa. 
It is similar in morphology, but somewhat smaller than 
Palaeoallophylus minimus Chandler (1961b; = Sap- 
indospermum sp. 4, Reid and Chandler, 1933) from 
the London Clay. 


Family SAPOTACEAE Juss. 


The Sapotaceae are a family of about 107 extant 
genera and 1000 species of trees and shrubs, mostly 
tropical in distribution. The seeds described below 
confirm the presence of this family in the Nut Beds. 


Genus BUMELIA Sw.? 


Bumelia? globosa sp. nov. 
Plate 39, figures 7-16 


Description. —Seed anatropous, subglobose; internal 
mold of seed coat bilaterally symmetrical, circular in 
cross section, slightly longer than wide, with an oblique, 
apical truncation, base rounded to slightly pointed; 
length 3.3-5.9, avg. 4.5 mm (SD=0.49, n=25), equa- 
torial diamter 3.2—-4.4, avg. 3.9 mm (SD=0.25, n=25); 
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truncate face flat, circular in outline, perpendicular to 
the plane of symmetry, sloping toward the front of seed 
at 70° to the long axis of the seed; hilum a small scar 
near the center of the truncation, slightly offset toward 
the edge along which the raphe travels; micropyle ev- 
ident as a tiny pore at the highest end of the truncation; 
raphe bundle passing in the plane of symmetry from 
the hilum across the front margin of seed to the chalaza 
at the base; with a network of veins radiating from the 
hilum over the truncate surface. 

Specimens.— Holotype: USNM 424644. Paratypes: 
HU 60000, UCMP 10645-10649, UF 8668, 8669, 
8672-8685, USNM 353964 (21 specimens), 353965 
(4 specimens), 355446, 355488 (6 specimens), 424656- 
424664. 

Discussion.—This species is represented by trans- 
lucent chalcedony internal molds of the seed coat. The 
raphe 1s sometimes preserved as an opaque band that 
can be observed in silhouette within the translucent 
chalcedony (PI. 39, fig. 10). The seed coat itself is not 
preserved. 

The morphology of these specimens closely matches 
that of the cavity inside the hard seed coat of extant 
Bumelia lacuum. They correspond in size, bisymme- 
try, angle of the truncation, the nearly hemispherical, 
but subtly pointed base, relative spacing of the hilum 
and micropyle, course and thickness of the raphe. Be- 
cause the Nut Bed fossils are missing the seed coat, 
the resemblance of these fossils to seeds of extant Bu- 
melia is not immediately obvious. However, if a mold 
were to be made of the inside of the seed coat of an 
extant seed, it would be difficult to distinguish from 
these fossils. The assignment to Bumelia? includes a 
question mark because my study of extant seeds in this 
family has not been sufficiently thorough to establish 
that the morphology of these seeds is unique to that 
genus. 


Bumelia? subangularis sp. nov. 
Plate 39, figures 17-21 


Etymology.—The epithet refers to the subangular 
external morphology of the seed. 

Description.—Seed subellipsoidal, bilaterally sym- 
metrical, smooth, obliquely truncate apically, rounded 
basally, rounded-subtriangular outline in cross section; 
length 6.0-6.9, avg. 6.6 mm (SD=0.43, n=5), width 
across plane of symmetry 3.7-5.0, avg. 4.6 mm 
(SD=0.54, n=5), width parallel to plane of symmetry 
4.0-5.4, avg. 4.6 mm (SD=0.55, n=5); truncation more 
or less flat, obovate in outline, sloping toward front of 
seed at 50-60° to the long axis of the seed, circular 
hilar scar in the center of the truncation; network of 
veins radiating from the hilum in plane of truncation. 


Specimens.— Holotype: UF 8743. Paratypes: UF 
8744, USNM 424681, 435082, 435083. 

Discussion.— This species is represented by chalced- 
ony seed casts without internal structure preserved. 
The smooth, shiny surface of the fossils suggests that 
the seeds were hard and shiny, possibly from a bird- 
dispersed berry. The slight angling (PI. 39, figs. 17, 18) 
suggests that more than one seed may have been pres- 
ent in each fruit. Because of the subangular morphol- 
ogy and larger size, Bumelia? subangularis is inter- 
preted to be a different species from the globose internal 
molds of seed coat described above as B.? globosa. 


Family SCHISANDRACEAE Bl. 


The Schisandraceae contains two extant genera of 
tropical to warm temperate climbing shrubs: Schis- 
andra and Kadsura. Schisandra is distributed in Asia 
(24 species) and eastern North America (one species); 
Kadsura (22 species) is distributed from India to Ma- 
lesia. The two genera are similar in most vegetative 
and reproductive characters but are distinguished on 
the basis of a simple difference in infructescence mor- 
phology (Smith, 1947). The berries of Kadsura are borne 
together 1n a globose head, whereas those of Schisandra 
occur separated on an elongate spike. Seeds of both 
genera are campylotropous and shallowly c-shaped, 
with a thin, hard seed coat, cellular endosperm and 
small embryo. 


Genus SCHISANDRA Michx. 


Schisandra oregonensis sp. nov. 
Plate 40, figures 1-11 


Schisandraceae, Bones, 1979, pl. 1, fig. 8. 


Etymology.—The epithet refers to Oregon. 

Description.—Seed reniform to cashew-shaped, 
curved in plane of bisymmetry, rounded at both ends; 
length 3.7-9.9, avg. 5.6 mm (SD=1.9, n=22), dorsi- 
ventral width 3.0-7.5, avg. 4.5 mm (SD=1.4, n=22), 
thickness across plane of symmetry 1.9-5.0, avg. 2.9 
mm (SD=0.88, n=22); surface smooth; hilum situated 
in the ventral sinus; raphe originating at the hilum and 
running a medial course along the dorsal curve, di- 
minishing in prominence toward the micropylar end; 
outer surface (rarely preserved) with small craters; in- 
ner layer of seed coat smooth. Seed coat composed of: 
1) an inner uni- to biseriate layer of mostly isodia- 
metric cells 20-30 um in diameter, 2) a prominent 
uniseriate layer of anticlinally oriented thin-walled co- 
lumnar cells 100-130 um high, 40-65 um wide, 3) a 
3- to 5-seriate layer of polygonal cells, sometimes per- 
iclinally elongate, 50-150 um wide and 30-45 um high, 
which proliferates to form a thick layer of isodiametric 
cells in the hilar sinus. 
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Specimens.— Holotype: USNM 424655. Paratypes: 
OMSI Pb1855, UCMP 10630, UF 6576, 6577, 6579- 
6583, USNM 312771 (Bones 1979, pl. 1, fig. 8), 355061 
(6 specimens), 355654 (3 specimens), 355061 (6 spec- 
imens), 424654 (3 specimens), 424732, 424809. 

Discussion.—Schisandra is represented by chalced- 
ony casts, molds and permineralized specimens. Con- 
spicuous features of these seeds are the curvature, dor- 
sal raphe (Pl. 40, figs. 5, 7), and the thick uniseriate 
columnar layer of the inner seed coat (PI. 40, figs. 9- 
11). 

Seeds of Shisandraceae are bitegmic (Kapil and Ja- 
lan, 1964; Corner, 1976) and the inner part of the seed 
including the tegmen (inner seed coat) may become 
loose within the testa (outer seed coat) at maturity (PI. 
40, figs. 14-18). Most of the fossil specimens are molds 
or permineralizations of the inner part of the seed, 
including the tegmen but excluding part of the testa. 
These have a smooth surface and a well developed 
hilar sinus and evidently were formed as infillings of 
the testa. External seed morphology is revealed in a 
rare chalcedony cast of a complete seed with the testa 
intact (Pl. 40, fig. 1), showing a rough, minutely cra- 
tered external surface, and a thick, lip-like rim along 
the hilar sinus. 

These seeds resemble those of both Kadsura and 
Schisandra in size, reniform shape, dorsal raphe, and 
seed coat anatomy. The uniseriate columnar layer of 
the tegmen, and the proliferation of isodiametric testa 
cells in the hilar region observed in the fossil specimens 
are similar to those of extant seeds. The seed surface 
is smooth in all extant species of Kadsura and in some 
extant species of Schisandra (PI. 40, fig. 12), but rough- 
surfaced seeds occur only in Schisandra (Pl. 40, fig. 
13). The latter feature provides support for assignment 
of the fossil to Schisandra rather than Kadsura. The 
seed size of this Schisandra oregonensis is variable, 
such that the largest specimens are about twice as big 
as the smallest ones. Dimensions may have varied with 
the number of seeds per berry; there may be from one 
to five seeds in berries of extant species. 

Although Schisandra has one extant species in east- 
ern North America, the Clarno occurrence is the only 
known North American fossil record. The genus has 
also been determined on the basis of cuticularly pre- 
served leaves from the Eocene Geiseltal flora of Ger- 
many (Jahnichen, 1976) and on the basis of seeds from 
the Pliocene of Alsace, France (Gregor, 1981). 


Family STAPHYLEACEAE Lindley 


The Staphyleaceae are a family of five genera and 
about 50-60 species of trees and shrubs, of tropical to 
temperate distribution in the northern hemisphere. The 
family is divided into two subfamilies: Staphyleoideae 


(Euscaphis, Staphylea, Turpinea) and Tapiscioideae 
(Tapiscia, Huertea). Both subfamilies are well repre- 
sented in the Tertiary of Europe and North America 
(Mai, 1976; Tiffney, 1979; Manchester, 1988). The 
family is represented in the Nut Beds by fruits and 
seeds of Tapiscia. 


Genus TAPISCIA Oliver 


Tapiscia occidentalis Manchester 1988 
Plate 41, figures 1-9 


Tapiscia occidentalis Manchester, 1988, p. 59-66, figs. 1-11, 18, 20. 


Description.—Fruit subglobose, rounded apically, 
tapered basally to a point with a circular pedicel scar 
0.4-0.5 mm in diameter; fruit length 5.0-5.8, avg. 5.4 
mm (SD=0.40, n=6), width 4.0-4.5, avg. 4.2 mm 
(SD=0.20, n=6), thickness 3.2-4.3, avg. 3.7 mm 
(SD=0.40, n=6), pericarp thin (<0.2 mm) following 
the form of the anatropous seed; endocarp surface with 
small, regularly spaced scabrae; internal cast of seed- 
coat subglobose, length 3.7—5.4, avg. 4.6 mm (SD=1.12, 
n=18), width 3.0-4.5, avg. 3.7 mm (SD=0.40, n=18), 
thickness 2.5—4.1, avg. 3.2 mm (SD=0.47, n=8); bi- 
symetrical, rounded dorsally, pointed at the micro- 
pylar end, and concave ventrally with a prominent 
circular chalazal scar 1.5—2.5 mm in diameter, surface 
smooth to finely striate with striae running longitudi- 
nally on the dorsal surface and radiating all directions 
from the chalaza on the ventral surface; seed coat 180 
um thick, composed of five to six layers of anticlinally 
aligned elongate cells 12.5—20 wm wide, 25—90 um high. 

Specimens.— Holotype: UF 5200, cast ofa fruit with 
outer layer partially broken away revealing internal 
seed cast. Additional specimens: UF 5201, 5202, 6511, 
9283, 9284, 9692, 9718-9720, USNM 354498, com- 
plete fruits; HU 59975, 59927, UCMP 10678-10686, 
UF 5203-5220, 9721 (20 specimens), USNM 312767 
(Bones, 1979, pl. 6, fig. 2), 355449-355451, 355453, 
355454 (9 specimens), 355455 (8 specimens), 355457 
(6 specimens), 435004 (Bones, 1979, pl. 6, fig. 1), seed 
casts. 

Discussion.— Tapiscia occidentalis was originally de- 
scribed from fruit and seed casts without cellular detail 
(Manchester, 1988). Some permineralized specimens 
have since been recovered (PI. 41, figs. 4, 7-9), pro- 
viding the anatomical details included in the above 
description, and confirming the assignment to 7apis- 
cia. The species was identified through comparison 
with fruits and seeds of extant Tapiscioideae, i.e., Tap- 
iscia sinensis Oliver, Huertea cubensis Griseb., and H. 
granadina Cuatrec. The fossil conforms to Tapiscia in 
its small size, uneven tegmen thickness, regularly spaced 
bumps on the outer surface, and the typically acute 
micropyle. 
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Fossil seeds of Tapiscioideae also occur in the Eo- 
cene Geiseltal flora of Germany (Mai, 1976). From the 
London Clay flora, Mai recognized three species of 
Tapiscia previously designated Carpolithes pusillus 
(Reid et Chandler) Chandler (1961b). Mai (1980) rec- 
ognized a fourth species from the middle Eocene Gei- 
seltal flora of Germany and provided a key for the 
identification of the five European Tapiscia species us- 
ing size, shape (elongate vs. rounded), ornamentation, 
and prominence of micropyle as diagnostic characters. 
Tapiscia occidentalis is very close in morphology to 7. 
pusilla from the London Clay. Both species share the 
same shape and external ornamentation with both hav- 
ing a pointed micropyle. The only difference seen be- 
tween the two species is slightly larger size of 7. oc- 
cidentalis specimens. 

Tapiscia has a single living species that is a small 
tree up to 10 m high growing in the mixed mesophytic 
forests of the Yangtze-Kiang valley between Yunnan, 
western Szechuan, Hupeh and northern Chekiang in 
China (Wang, 1961). It is also recorded from wet for- 
ests to 1600 m in Kwangtung and Tonkin, China 
(Krause, 1942). 


Family SYMPLOCACEAE Desf. 


The Symplocaceae are a family of one genus, Sym- 
plocos, with about 250 species of trees and shrubs dis- 
tributed in new world and old world tropics excluding 
Africa, and extending into temperate North America. 
Old world Symplocaceae have been monographed with 
attention to fruits and other characters by Nooteboom 
(1975). Those of the Antilles have been revised with 
attention to many of the same characters by Mai (1986). 
Nooteboom (1975) considered the morphology of fruits 
and of endocarps to be taxonomically useful for groups 
of species, but refrained from making a key to indi- 
vidual species based solely on fruit characters. Sym- 
plocos has an excellent fossil fruit record in Europe, 
extending from the Eocene (Reid and Chandler, 1933; 
Chandler, 1961b) to the late Pliocene (Kirchheimer, 
1957), as reviewed in detail by Mai (1970). The fol- 
lowing constitutes the first fossil fruit record of the 
genus described from North America and is comple- 
mentary to previous records based upon fossil pollen 
(Taylor, 1990). Symplocos fruits are also known on the 
basis of an underscribed species from the Brandon 
lignite of Vermont (Tiffney, pers. comm., 1992). 


Genus SYMPLOCOS Jacq. 


Symplocos nooteboomii sp. nov. 
Plate 41, figures 10-17 


Etymology.—This species is named in recognition 
of the important studies of extant Symplocos carried 
out by H. P. Nooteboom. 


Description.—Endocarp ovoid or ellipsoidal, some- 
what compressed laterally, slightly flared and trans- 
versely truncate apically, rounded or obtusely pointed 
basally; length 8.6-15.2, avg. 11.3 mm (SD=3.48, n=3), 
width 6.1-11.2, avg. 8.3 mm (SD=2.14, n=4), thick- 
ness 5.4-6.9, avg. 6.1 mm (SD=0.67, n=4); with 13- 
14 unbranched meridional grooves or ribs (depending 
on preservation) radiating from the base and extending 
to the apical truncation; four or five locules indicated 
by distinct pores in the apical truncation. 

Specimens.— Holotype: USNM 354596. Paratypes: 
USNM 354592, 354602, 354603. 

Discussion.— Only a few specimens of Symplocos are 
known from the Nut Beds. They are preserved as chal- 
cedony casts, without anatomical preservation. En- 
docarps of this genus are so distinctive morphologi- 
cally, however, that cellular details are not required 
for identification. Assignment to Symplocos is based 
on the combination of meridional grooves, ovoid shape 
(Pl. 41, figs. 10, 11), and the truncate apex with open- 
ings corresponding to each of the locules (Pl. 41, figs. 
12, 13, 15). The apical truncation apparently corre- 
sponds to the base of the calyx as in the extant genus. 
Extant species of Symp/ocos have fruits that range in 
length from a few millimeters to about four centimeters 
and may have from one to five locules (Nooteboom, 
1975). 


Family THEACEAE D. Don 


The Theaceae, or tea family, is a family of about 28 
genera and 520 species of trees, shrubs and occasional 
lianas, chiefly of tropical distribution but with a few 
warm temperate representatives. The family is known 
from well-preserved fruits in the Eocene of Tennessee 
and Kentucky (Grote, 1989; Grote and Dilcher, 1989) 
and in the Tertiary of Europe (Mai, 1971). The fossil 
record of Theaceae in the northern hemisphere is re- 
viewed by Grote and Dilcher (1989). Cleyera is the 
only genus of this family that has been confirmed among 
the Nut Beds seeds. 


Genus CLEYERA Thunb. 


Cleyera grotei sp. nov. 
Plate 42, figures 1—5 


Etymology.—This species is named after Paul J. 
Grote, recognizing his contributions to the fossil his- 
tory of the Theaceae. 

Description.—Seed campylotropous, laterally flat- 
tened, rounded in outline, truncate at micropyle and 
chalaza end, with a medial condylar depression on both 
faces of the seed, around which the c-shaped embryo 
cavity curves; length 1.5—2.3, avg. 1.8 mm (SD=0.22, 
n=14), width 1.4—2.0, avg. 1.8 mm (SD=0.15, n=14), 
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thickness 0.6-0.9, avg. 0.7 mm (SD=0.08, n=14); out- 
er surface reticulate with thick walled cells 100-200 
um in diameter arranged in more or less concentric 
rows, these cells more elongate over the condyle area; 
anticlinal walls of testa cells vertical so that the lumina 
are not funnel shaped; raphe passing obliquely through 
the condyle between limbs of the embryo cavity; limbs 
of embryo cavity circular in cross section, one slightly 
longer than the other; embryo cavity cast with a seam 
all along the margin representing to the plane of de- 
hiscence. 

Specimens.— Holotype: UF 6501, seed with intact 
seed coat. Paratypes: UF 9163, 9165, 9449, 9450, 9529- 
9542, 9543 (14 specimens), internal molds of seed coat. 

Discussion.—Cleyera grotei is represented by nu- 
merous embryo cavity casts (1.e., internal molds of seed 
coat) from the Nut Beds showing the strongly curved 
embryo cavity (e.g., Pl. 42, figs. 3, 4). The holotype is 
a rare specimen with part of the reticulate seed coat 
adhering (PI. 42, figs. 1, 2, 5). Embryo cavity casts of 
this species closely match those from the British Ter- 
tiary that were formerly ascribed to the fossil genus 
Myrtospermum Chandler. Although Chandler (1957) 
originally suggested that the seeds were myrtaceous, 
she subsequently recognized their affinities within the 
Theaceae (Chandler, 1960, 1961a), and later (Chan- 
dler, 1963b, p. 109) placed M. variabile (the type spe- 
cies of Myrtospermum) in synonymy with Cleyera (?) 
stigmosa (Ludwig) Chandler. She then transferred the 
other species formerly assigned to Myrtospermum to 
“Cleyera?”’ (Chandler, 1964, p. 40). 

In shape and reticulate surface sculpture of the seed, 
the Nut Beds species resembles seeds of extant Cleyera 
and Eurya of the theaceous subfamily Ternstroemo- 
ideae. Friis (1985) studied these and related extant 
genera in reviewing fossil seeds of Theaceae from the 
Miocene of Europe. Seeds of Clevera tend to be more 
strongly campylotropous and usually larger than those 
of the other genera. Friis (1985) also observed an im- 
portant difference in the anticlinal walls of the testa 
cells that form the reticulate surface of the seed. In 
Eurya, the anticlinal walls decrease in thickness out- 
ward, so that the cell lumina are funnel-shaped, where- 
as in Cleyera, the same walls are uniformly thick so 
that the lumina are not funnel shaped (Friis, 1985). By 
this criterion, and on the basis of size and curvature, 
the Nut Beds seeds conform to Cleyera. 

Cleyvera is a genus of about 17 species with a disjunct 
distribution between southeast Asia (Himalayas to Ja- 
pan) and tropical America (Mexico to Panama and 
West Indies). This genus has an excellent fossil seed 
record extending from the Eocene to the Late Tertiary 
of Europe (Mai, 1971). 


Family ULMACEAE Mirbel. 


The Ulmaceae, or elm family, includes 15 extant 
genera of trees and shrubs distributed in both the 
northern and southern hemispheres. Two subfamilies 
are recognized on the basis of differences in fruit, fo- 
liage and pollen characters (summarized in Manches- 
ter, 1989c): the Ulmoideae and the Celtidoideae. Al- 
though evidence has accumulated for the recognition 
of Celtidoideae as a separate family (Grudzinskaya, 
1967; Chernik, 1980; Takaso and Tobe, 1990), I have 
retained the traditional treatment here. The Ulmaceae 
have an excellent fossil record that includes both extant 
and extinct genera (Manchester, 1989a, c). The Nut 
Beds flora includes at least three representatives of the 
Celtidoideae (Aphananthe, Celtis, Trema) and one of 
the Ulmoideae (Cedrelospermum). Ulmus is known 
from other localities of the Clarno Formation (West 
Branch Creek, White Cliffs, Sheep Rock Creek) on the 
basis of fruits and foliage (Manchester, 1989c) but has 
not been observed in the Nut Beds assemblage. 


Subfamily CELTIDOIDEAE 
Genus APHANANTHE Planchon 


Aphananthe maii sp. nov. 
Plate 42, figures 6-15 


Aphananthe sp. Manchester, 1989c, p. 237, fig. 12.7, I-O. 


Etymology.—This species is named for Dieter H. 
Mai, recognizing the importance of his contributions 
to paleocarpology. 

Description.—Endocarp subglobose, unilocular, sin- 
gle-seeded, pyriform in cross section, elliptical to near- 
ly circular in face view; asymmetrical, length 6.5—9.0, 
avg. 7.8 mm (SD=1.05, n=5), width 5.0-6.7, avg. 6.2 
mm (SD=0.75, n=7), thickness 3.4-5.1, avg. 4.3 mm 
(SD=0.73, n=7), base rounded, apex rounded to acute, 
surface smooth to papillate; placental plug at the apex 
elliptical, oblique; endocarp with a prominent longi- 
tudinal crest deflected in course as it passes over the 
apex; endocarp wall 350-500 um thick, consisting of 
a thin papillate locule lining of more or less isodia- 
metric cells, a thick uniseriate layer of anticlinally ori- 
ented columnar cells 230-340 um high, 17-28 wm wide, 
these cells thick-walled, with lumina closed except near 
the locule; conspicuous pits radiate from the lumina 
of these cells toward the locule (sometimes with crystal- 
bearing idioblasts in this layer); outside is a layer of 
translucent more-or-less rectangular cells that form pa- 
pillae at the surface, 80-150 um high, 130-180 um 
wide. Locule cast smooth, similar in shape to the en- 
docarp, but with sharper longitudinal crest. Seed with 
large embryo with a prominent coiled cotyledon. 


CLARNO (EOCENE) FRUITS AND SEEDS: MANCHESTER 91 


Specimens.— Holotype: USNM 355693. Paratypes: 
UF 6518, 6519, 8808, 9328-9330, USNM 422384, 
424629, 424718. 

Discussion.—Aphananthe maii is represented by 
permineralized endocarps and locule casts that have 
been studied both by SEM of fractured surfaces (PI. 
42, figs. 11, 12) and light microscopy of serial sections 
(Pl. 42, figs. 13-15). The endocarps are virtually iden- 
tical, anatomically as well as in size and morphology, 
to those of extant Aphananthe. Shared characters in- 
clude the asymmetrical longitudinal keel, the endocarp 
wall with its thick uniseriate layer of anticlinally elon- 
gate sclereids (Pl. 42, figs. 14, 15), an outer silica layer 
forming a papillate surface (Pl. 42, figs. 6, 7), and a 
prominently coiled embryo (PI. 42, fig. 13). 

Aphananthe includes deciduous to semi-deciduous 
shrubs and trees distributed today from India to China, 
Korea, Japan, Indochina, Thailand, Malesia, the Phil- 
ippines, Java, Madagascar, eastern Australia, the So- 
lomon Islands, and Mexico. The Mexican species has 
sometimes been placed in a separate genus, Miran- 
daceltis A.J. Sharp, but its endocarp is virtually iden- 
tical to that of the other species. This fossil species was 
illustrated but not named in a broader treatment of the 
Ulmaceae (Manchester, 1989c). Although this is the 
only known fossil occurrence of Aphananthe in North 
America, the genus is well-documented by endocarps 
from the Oligocene of western Siberia (Dorofeev, 1982). 


Genus CELTIS L. 


Celtis burnhamae sp. nov. 
Plate 42, figures 16-25 


Celtis sp. Manchester, 1989c, p. 240, fig. 12.8 A-C. 


Etymology.—This species is named for Robyn J. 
Burnham, recognizing her contributions to the fossil 
history of Ulmaceae. 

Description.—Endocarp subglobose, bilaterally sym- 
metrical, unilocular, single-seeded, base rounded, apex 
rounded with a wedge-shaped tip, length 4.2—5.7, avg. 
4.8 mm (SD=0.38, n=16), width in plane of symmetry 
3.6-5.0, avg. 4.3 mm (SD=0.34, n=17), width at right 
angle to plane of symmetry 3.5-4.7, avg. 4.0 mm 
(SD=0.35, n=17); surface reticulate, with a pair of 
strong primary longitudinal ribs forming a keel in the 
plane of symmetry and usually a second pair of lon- 
gitudinal ribs in the plane at right angles; secondary 
rib well-developed basally, weakening apically; a net- 
work of fine, vein-like ridges interspersed between the 
primary and secondary ribs, delimiting areoles 0.6—0.8 
mm in diameter; apical prominence pierced by a small 
median funicular canal; pericarp 350-400 yum thick, 
consisting of three main layers: 1) innermost layer uni- 


seriate consisting of large cuboidal, relatively thick- 
walled cells 50-70 um in diameter, occasionally with 
rhomboidal crystals, overlain by 2) a thin uniseriate 
layer of interlocking digitate cells best seen in perider- 
mal section; combined thickness of these two layers, 
1.e., the endocarp, ca. 100 um, and 3) the outer layer, 
ca. 250-300 um thick, composed of clear silica with 
poorly preserved, apparently isodiametric cells, ca. 20 
um in diameter. Locule cast taking form of the seed 
with large curved embryo, having the same plane of 
bisymmetry as the external fruit morphology, radicle 
projecting within the apical prominence of the endo- 
carp; chalaza circular, on the opposite side of the locule 
cast from the radicle. 

Specimens.— Holotype: UF 9600. Paratypes: UF 
6520-6527, 8619-8640, 9579-9581, USNM 355466, 
424644, 435050-435052, complete endocarps; USNM 
355429, 422733, locule casts. 

Discussion.— Celtis burnhamae endocarps and loc- 
ule casts are especially abundant in the Nut Beds at 
the top of Face 3, although they are not known from 
other Clarno localities. Some specimens clearly show 
the external endocarp morphology with the character- 
istic pattern of ridges (Pl. 42, fig. 16-19); however, it 
is more common to find specimens that have broken 
along the layer of mechanical tissue giving a smooth, 
shiny appearance so that affinities to Celtis are not 
immediately obvious. The layer of interlocking digitate 
cells is seen in a few specimens that have broken per- 
idermally at the appropriate level, seen with reflected 
light microscopy (PI. 42, fig. 25). Locule casts show the 
seed morphology with the circular chalaza at one end 
(Pl. 42, fig. 20), and the tip of the radicle at the other 
(Pl. 42, fig. 21). 

Although Ce/tis has a rich fossil record based upon 
fossil endocarps from the Tertiary of North America 
and Europe (Manchester, 1989c), the anatomical struc- 
ture of these fossils in relation to the modern genus 
has not been considered. Sections of some of the Clarno 
specimens (Pl. 42, figs. 22-25) reveal anatomy that 
clearly conforms to that of the extant genus, which has 
been illustrated by Chernik (1980). These endocarps 
are larger, but morphologically similar to those of C. 
edwardsii Chandler from the late Eocene of England 
(Chandler, 1963a). A clear basis for distinguishing 
among the various extant species and among different 
fossil species based upon endocarp morphology has 
not been established. It is noteworthy, however, that 
C. burnhamae the uniseriate layer of cuboidal cells 
lining the locule is three to five times thicker than the 
corresponding layer in extant species that I have stud- 
ied (C. laevigata Willd., C. occidentalis L., C. pallida 
Torr., C. sinensis Persoon). 


92 PALAEONTOGRAPHICA AMERICANA, NUMBER 58 


Celtis is a genus of trees and shrubs that is wide- 
ranging in its present distribution, occurring in tem- 
perate and tropical regions of both the northern and 
southern hemispheres. 


Celtis sp. 
Plate 43, figures 1-5 


Description.—Endocarp subglobose, bilaterally sym- 
metrical, with a keel in the plane of symmetry, uni- 
locular, single-seeded, base rounded, apex pointed; 
length 3.7-4.7, avg. 4.3 mm (SD=0.30, n=20), width 
in plane of symmetry 3.0—4.1, avg. 3.7 mm (SD=0.33, 
n=20), width at right angle to plane of symmetry 2.5- 
3.3, avg. 3.0 mm (SD=0.21, n=20); apical prominence 
pierced by a small median funicular canal, surface ver- 
rucate but without ridges, except for the longitudinal 
keel. Locule cast taking form of the seed, with a large 
curved embryo, radicle protruding within the apex of 
the endocarp; pericarp ca 200 um thick with an inner 
layer of anticlinally elongate columnar cells 100-150 
um high, 50-90 um wide; surrounded in some speci- 
mens by a translucent silica layer ca. 5O um thick. 

Specimens.—UF 8640-8658, 8659-8671, 9771- 
9775. 

Discussion.—Endocarps of this species are common 
in the Nut Beds, represented by permineralized fruits 
and locule casts. The endocarps are similar in size and 
external morphology to those of Celtis burnhamae, but 
do not have a secondary ridge at right angles to the 
plane of bisymmetry, and have a verrucate (PI. 43, figs. 
1, 2) rather than reticulate (Pl. 42, fig. 17) surface. The 
fruits are somewhat compressed in the plane of sym- 
metry (elliptical in cross section) rather than globose 
(circular in cross section) as in C. burnhamae. The 
curved embryo is apparent in specimens where part of 
the endocarp has flaked away revealing the curved loc- 
ule cast (Pl. 43, fig. 3). When sectioned transversely, 
the partition between the radicle and the rest of the 
embryo is seen as a thin line bisecting the circle of the 
locule (Pl. 43, figs. 4, 5). The wall of these fruits is thin 
relative to that of Celtis burnhamae and extant species 
that ve examined, but the uniseriate columnar layer 
of the endocarp compares favorably between these taxa. 

Among extant genera of Celtoideae, this species is 
most similar to Celtis. Because of the thin wall and 
lack of reticulate sculpture, it is possible that this spe- 
cies belongs in an extinct genus of the subfamily, but 
a more thorough morphological and anatomical in- 
vestigation of extant Ce/tis fruits is needed before an 
informed decision can be reached. 


Genus TREMA Loureiro 


Trema nucilecta sp. nov. 
Plate 43, figures 6-15 


Etymology.—Nucis (L = nut) + J/ectus (L = bed), 
referring to the Nut Beds locality. 

Description.—Endocarp subglobose, rounded-tri- 
angular in face view, bilaterally symmetrical, with a 
keel in the plane of symmetry, unilocular, single-seed- 
ed, length 2.0-3.0, avg. 2.5 mm (SD=0.21, n=16), width 
in plane of symmetry |.9-2.6, avg. 2.3 mm (SD=0.26, 
n=15), width at right angles to plane of symmetry 1.8- 
2.4, avg. 2.1 mm (SD=0.18, n=15), base rounded, apex 
pointed with a circular scar at the tip; surface smooth; 
wall composed of uniseriate layer of anticlinally ori- 
ented columnar cells 100-120 um high and 28-60 wm 
wide, these cells with fenestrate walls having numerous 
orbicular pits; apical funicle bulge composed of small 
isodiametric cells ca. 8 um in diameter; poorly pre- 
served silica layer 50 um thick surrounding the me- 
chanical layer. Locule cast shaped like the endocarp, 
but with a sharper keel, embryo large, coiled with a 
prominent curved radicle; seed coat ca. 10 um thick, 
composed of isodiametric cells. 

Specimens.— Holotype: UF 9781. Paratypes: UCMP 
10732-10737, UF 6791-6799, 9585, 9776-9780, 
9782-9788, 9791, USNM 355097 (12 specimens), 
424635, 424723. 

Discussion.— Trema nucilecta is represented by per- 
mineralized endocarps (Pl. 43, figs. 6-10) and chal- 
cedony locule casts (Pl. 43, figs. 11-13). The locule 
casts are curved, reflecting the embryo shape (PI. 43, 
figs. 8, 13). The specimens are similar in overall shape 
of endocarp and locule cast to Ce/tis sp. (see above), 
but are readily distinguished by smaller size, smooth 
exterior, and thinner, endocarp wall composed of more 
elongate columnar cells. This species conforms very 
well in size, shape, wall anatomy and embryo curvature 
to extant Trema. One difference noted between the 
fossil species and the extant species examined was the 
lack in the fossil of a secondary ridge running at right 
angles to the plane of symmetry. 


Subfamily ULMOIDEAE 
Genus CEDRELOSPERMUM Saporta 


Cedrelospermum lineatum 
(Lesquereux) Manchester 
Plate 43, figures 16-18 


Cedrelospermum lineatum (Lesquereux) Manchester, 1987b, p. 124. 
Banksites lineatus Lesquereux, 1883, p. 165, pl. 32, fig. 21. [more 
complete synoymy in Manchester 1987b]. 


Description.—Fruit a samara, consisting of a flat- 
tened elliptical endocarp adjoined by an elongate lat- 
eral wing; samara length 12.5-15.5, avg. 13.8 mm 
(SD=1.31, n=8); endocarp length 4.7—5.0, avg. 4.7 mm 
(SD=0.14, n=5), width 2.3-3.0, avg. 2.7 mm (SD=0.27, 
n=5); primary wing length 9.7-11.5 mm, width 4.5- 
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5.0 mm, oriented oblique to the long axis of the en- 
docarp with 6-8 subparallel veins, including marginal 
veins that converge toward stigmatic area at the adaxial 
margin of the distal end of the wing; a small secondary 
wing 1.0-2.0 mm long, oriented nearly parallel to the 
long axis of the endocarp. 

Specimens.—OMSI Pb565, 586, 764, 1108, 1109, 
I28513225 13235 1502516365 UF9285. (Lectotype: 
USNM 387567 from Florissant, Colorado [Lesquer- 
eux, 1883, pl. 32, fig. 21]). 

Discussion.— Cedrelospermum lineatum samaras are 
preserved in the Nut Beds as impressions in siltstone. 
They were recovered only from a | meter-wide area 
of the leaf-bearing horizon at the base of Face 3 ina 
concentration of winged fruits that also included De- 
viacer. Cedrelospermum is known from nearly all Clar- 
no paleobotanical localities. For comparative purpos- 
es, the dimensions in the above description are 
deliberately limited to specimens from the Nut Beds. 
In the large size of endocarp and overall fruit length, 
this material conforms to C. /ineatum, a species based 
upon specimens from Florissant, Colorado (Manches- 
ter, 1989a). Fruits from other localities of the Clarno 
Formation (e.g., West Branch Creek, Gosner Road, 
Teater Road) are smaller and appear to belong to an- 
other species, C. nervosum, which is based upon ma- 
terial from the Green River Formation of Colorado, 
Utah and Wyoming (Manchester, 1989a). 

Cedrelospermum Saporta is an extinct genus of UI- 
maceae known from the late Eocene to late Miocene 
of Europe and the middle Eocene to Oligocene of west- 
ern North America (Manchester, 1987b, 1989a, c). Re- 
cently, the genus has also been confirmed from Neo- 
gene strata near Tepexi de Rodriguez, Puebla, Mexico 
(Magallon-Puebla and Cevallos-Ferriz, 1992), indicat- 
ing a southern refugial population. Cedrelospermum 
nervosum and C. lineatum fruits have been found at- 
tached to fossil twigs bearing narrow Ze/kova-like leaves 
in the Eocene of Utah and Colorado (Manchester, 
1989a). Characters of the fruits and foliage and of at- 
tached staminate flowers and pollen establish clear af- 
finities with the Ulmoideae (Manchester, 1989a, c). 


Family VITACEAE Jussieu 


The Vitaceae (grape family) include eleven extant 
genera and about 800 species of lianas distributed in 
tropical to warm temperate regions. Seeds of this fam- 
ily are well represented in the Tertiary of the northern 
hemisphere as reviewed by Kirchheimer (1938), Tiff- 
ney and Barghoorn (1976) and Cevallos-Ferriz and 
Stockey (1990). 

The Vitaceae are diverse in the Nut Beds, repre- 
senting at least four genera: Ampelocissus (2 spp.), Am- 


pelopsis, Parthenocissus (2 spp.) and Vitis (2 spp.).* For 
the descriptions that follow, I use the terminology rec- 
ommended by Tiffney (1976), with the exception that 
the terms chalaza-base groove and chalaza-apex groove 
are reversed so that base refers to the hilar/micropylar 
end of the seed and apex to the opposite, rounded end. 
Extant genera overlap to some extent in seed mor- 
phology, and the evaluation of fossil remains is ham- 
pered by the lack of a thorough systematic work on 
seed morphology indicating characters that are diag- 
nostic at the generic level. Some morphological pat- 
terns appear to be confined to a single genus, while 
others occur in more than one modern genus. 


Genus AMPELOCISSUS Planchon 


Ampelocissus auriforma sp. nov. 
Plate 44, figures 16-18, 22 


Parthenocissus? sp., Scott, 1954, p. 82 , pl. 16, fig. 15. 


Etymology.—Aurus (L = ear) + forma (L = shape) 
referring to the shape of the enlarged ventral infolds. 

Description.—Seed cordiform in face view, epsilon- 
shaped in cross section, bilaterally symmetrical, base 
pointed, apex emarginate. Internal mold of seed coat 
length 3.5-7.1, avg. 5.4 mm (SD=1.04, n=28), width 
3.2-6.2, avg. 4.9 mm (SD=0.93, n=28), thickness 2.0— 
3.8, avg. 2.9 mm (SD=0.49, n=26): dorsal surface con- 
vex, with a central elliptical to circular depression rep- 
resenting the chalaza, and a pronounced median groove 
passing from the base to the apex and over to the apex 
of the ventral surface; faint ruminations radiating from 
the chalaza; ventral infolds represented by a pair of 
large, smooth, elliptical, cup-like cavities separated by 
a thin median longitudinal raphal septum: lateral limbs 
of the seed 0.5-0.7 mm thick; seed coat ca 125 um 
thick, with a uniseriate layer of anticlinally oriented 
columnar cells. 

Specimens.— Holotype: UF 6572. Paratypes: HU 
59960, UCMP 10568-10578, UF 6543, 6571, 9524, 
9620-9624, UM 29935, 39564 (5 specimens), USNM 
355082, 355083 (10 specimens), 434987-434997. 

Discussion.—This species is relatively common in 
the Nut Beds. Specimens are usually preserved as silica 
molds of the inside of the seed coat (PI. 44, figs. 16, 
17. These internal seed coat molds are commonly re- 
covered within sedimentary molds of the outer seed 
surface. Such molds of the ventral seed surface have a 
distinctive bilobed appearence due to infilling of the 
pair of ventral infolds (Pl. 44, fig. 18). Scott (1954) 
figured and described specimens of this species as Par- 
thenocissus? sp. and interpreted the specimens to rep- 
resent detached dorsal sides of seeds similar to P. an- 
gustisulcata. However, transverse sections show that 


* For new information on wood, see note added in proof, p. 200. 
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the seed coat is intact on both the dorsal and ventral 
sides and that the concave aspect of the ventral surface 
is an original feature (Pl. 44, fig. 22). 

The large cup-like ventral infolds of Ampelocissus 
auriforma distinguish it from all other Nut Beds Vi- 
taceae and are useful in generic placement. Seeds with 
comparably large infolds have been observed in some 
of the extant species of Ampelocissus, for example: A. 
martinii Planch. from the Philippines, 4. imperialis 
from Java and A. costaricensis Lundell from Costa 
Rica. Although reports of Ampelocissus from the North 
American fossil record are rare, the genus was probably 
widely distributed in the Eocene; a single specimen 
preserved as a bilobed mold similar to this species is 
known from the Middle Eocene Green River Forma- 
tion of Utah (UF 8207, loc. 15755). Cevallos-Ferriz 
and Stockey (1990) reported another species based upon 
anatomically preserved seeds from the Middle Eocene 
Princeton chert of British Columbia. The Princeton 
chert species lacks the enlarged ventral infolds. 4m- 
pelocissus is a genus with about 95 extant species, of 
tropical distribution. 


Ampelocissus scottii sp. nov. 
Plate 44, figures 11-15 


Etymology.—This species is named after Richard A. 
Scott. 

Description.—Seed cordate, bilaterally symmetrical; 
length 5.9, 5.9, 6.0 mm, width 4.8, 5.4, 6.0 mm, thick- 
ness 2.7, 2.7, 2.8 mm; ventral infolds short, about '4 
as long as the seed, nearly parallel, slightly divergent 
apically, becoming wider in the apical '4 of the length; 
chalaza circular, central; chalaza-apex groove broad, 
chalaza-base groove indistinct, dorsal surface convex, 
with a central elliptical to circular chalaza. Internal 
mold of seed coat length 4.9-5.1 mm, width 3.9-5.4 
mm, thickness 2.2—3.5 mm; dorsal surface convex, with 
a central elliptical to circular depression representing 
the chalaza, and a pronounced median groove passing 
from the base to the apex and over to the apex of the 
ventral surface; faint ruminations radiating from the 
chalaza. 

Specimens.— Holotype: USNM 424665, seed. Para- 
types: UF 6545, USNM 355083, 355119, 434984, 
435118, seeds; UF 6542, 6544, internal molds of seed 
coat. 

Discussion.—Ampelocissus scottii resembles A. au- 
riforma in shape, size and morphology of the apex, 
base and dorsal surface. However, instead of the large 
cup-like ventral infolds, this species has short narrow 
divergent infolds (Pl. 44, fig. 11). Lacking the distinc- 
tive character of large ventral infolds, which to my 
knowledge is confined to Amplelocissus, the assign- 
ment of this species to the genus is less secure. How- 
ever, not all extant species of Ampelocissus have en- 


larged infolds. With its rugulate margins, broad chalaza- 
apex groove, and short divergent infolds, this fossil 
resembles the seeds of some extant species of Ampe- 
locissus, such as A. arachnoideus (Haask.) Planch. 

In general form, specimens of this species resemble 
those of Ampelopsis rooseae (Pl. 44, figs. 6-10), but 
they are much larger, more compressed dorsiventrally, 
and do not possess a chalaza-apex ridge. 


Genus AMPELOPSIS Michaux 


Ampelopsis rooseae sp. nov. 
Plate 44, figures 6-10, 21 


Tetrastigma, Bones, 1979, pl. 4, fig. 10. 


Etymology.—This species is named for Carrie L. 
Roose, acknowledging her technical assistance in this 
investigation. 

Description.—Seed subglobose, bilaterally symmet- 
rical, rounded-triangular in dorsal and ventral views 
with smooth contours, slightly pointed at the base (hi- 
lum) in complete seeds, apex emarginate to broadly 
rounded, length of seed casts with intact seed coat 3.0- 
4.3, avg. 3.6 mm (SD=0.36, n=8), width 2.8-3.7, avg. 
3.1 mm (SD=0.31, n=8), thickness 2.0-2.7, avg. 2.3 
mm (SD=0.23, n=8); chalaza typically spatulate, oc- 
casionally round, located in the central one-half to api- 
cal one-third of the seed on the dorsal surface; dorsal 
surface smooth or slightly ruminate; chalaza-base 
groove present, narrow; chalaza-apex groove absent on 
the seed surface, although sometimes present on in- 
ternal molds of the seed coat; chalaza and apex typi- 
cally joined by a ridge that passes over the apex and 
joins with the raphe ridge: ventral infolds long and 
straight, diverging apically, becoming wider in upper 
third of their length, extending from a position well 
above the seed base and terminating approximately 4 
of the length of seed toward the apex; groove corre- 
sponding to raphe preserved on the raphe ridge in com- 
plete seed casts; seed coat 130-150 um thick. Internal 
mold of seed coat sharply pointed basally, length 2.5- 
4.5, avg. 3.3 mm (SD=0.41, n=36), width 2.3-4.1, avg. 
3.0 mm (SD=0.37, n=36), thickness 1.5-2.8, avg. 2.1 
mm (SD=0.30, n=36). 

Specimens.— Holotype: UF 6536, seed cast. Para- 
types: UCMP 10596-10597, UF 6537, 6538, 9575, 
9659, 9660, 9661, USNM 312768, 312769 (Bones, 
1979, pl. 4, fig. 10), 355122 (2 specimens), seed casts; 
UCMP 10598-10606, UF 6538, 9662-9691, USNM 
355090 (20 specimens), 355093 (106 specimens), in- 
ternal molds of seed coat. 

Discussion.—This species is similar in size to the 
seeds of Vitis tiffneyi but it is distinguished by its ven- 
tral infolds, which are longer and divergent, rather than 
parallel, and by the well-developed raphe ridge that 
typically passes over the apex to join with the chalaza. 
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Most specimens are globular, suggesting one-seed per 
berry, but in some of the seeds the ventral surface has 
flattened facets suggesting more than one seed per ber- 


Seeds with short divergent ventral infolds occur in 
some of the extant species of Ampelopsis and Vitis. 
Whereas Vitis seeds generally have a chalaza-apex 
groove, those of Ampelopsis lack such a groove and 
typically have a ridge in the same position, as does this 
fossil. A. rooseae bears a close resemblance to Ampe- 
lopsis monasteriensis Kirchheimer (= A. rotundata Reid 
et Chandler 1933 auct non Chandler 1926; Chandler 
1961b) from the Eocene London Clay flora. A com- 
pression specimen that appears to be identical to this 
Nut Beds species is known from the Eocene Green 
River Formation near Watson, Utah (UF 8206, loc. 
15755). 


Genus PARTHENOCISSUS Planchon 


Parthenocissus angustisulcata Scott 
Plate 45, figures 6, 7 


Parthenocissus angustisulcata Scott 1954, p. 81, pl. 16, fig. 14. 
Vitaceae. Undetermined genus, Bones, 1979, pl. 4, figs. 11, 12. 


Description.—Seed cast subglobose, obovate in face 
view, bilaterally symmetrical to asymmetrical, length 
5.4-6.4, avg. 6.0 mm (SD=0.45, n=3), width 4.6-5.5, 
avg. 5.1 mm (SD=0.45, n=3), thickness 2.9-4.3, avg. 
3.5 mm (SD=0.74, n=3), surface usually smooth, but 
undulating in some specimens, ventral infolds long, 
slightly curved, diverging apically, extending from the 
very base of the seed to the apical of the seed, raphe 
ridge triangular, slightly raised above the seed body, 
chalaza circular to spatulate, centrally positioned, faint 
ruminations radiating from chalaza over the dorsal 
surface; chalaza-base groove and chalaza-apex groove 
well developed. 

Specimens.— Holotype: UM 29934 (Scott, 1954, pl. 
16, fig. 14). Hypotypes: UF 6544, 9737, 9738, 9880- 
9882, USNM 355128, 434986. 

Discussion.—This species was described by Scott 
(1954) on the basis of a single specimen showing the 
ventral side only. More complete seeds now available 
also show the dorsal surface, with a pronounced cha- 
laza-base groove (PI. 45, fig. 7) and give a better un- 
derstanding of the variability within the species, en- 
abling the more complete description provided above. 
As Scott noted, important features of Parthenocissus 
angustisulcata include the deep apical notch marking 
the course of the raphe, and long, narrow, divergent 
ventral infolds (e.g., Pl. 45, fig. 6). 

The long narrow, apically divergent ventral infolds 
and narrow raphe ridge were used to place this in Par- 
thenocissus. Scott noted that it differs from the modern 
species and from P. monasteriensis (Reid et Chandler) 


Scott of the London Clay flora by its larger size. Wheth- 
er this size difference and the pronounced apical cleft 
are admissable within Parthenocissus is open to further 
investigation. 


Parthenocissus clarnensis sp. nov. 
Plate 45, figures 1-5 


Etymology.—The epithet refers to the Clarno For- 
mation. 

Description.—Seed subovoid, obovate in face view; 
cross section rounded in some, rounded-triangular in 
others, due to variable development of ventral facets, 
bilaterally symmetrical to asymmetrical; length 3.0- 
4.8, avg. 3.8 mm (SD=0.45, n=25), width 2.8-4.2, avg. 
3.4 mm (SD=0.36, n=25), thickness 2.0-3.5, avg. 2.2 
mm (SD=0.34, n=25); ventral infolds long, slightly 
curved, diverging apically, extending from the very 
base of the seed to the apical % of the seed, raphe ridge 
triangular slightly raised above the seed body, surface 
usually smooth, but undulating in some specimens, 
chalaza typically spatulate, occasionally round, posi- 
tioned central or somewhat offset toward the apex, 
radiating undulations usually week, chalaza-base groove 
absent or faint, chalaza apex-groove present, weak 
(stronger in the globose specimens, weaker in the fac- 
eted ones); seed coat 200-300 um thick, with a uni- 
seriate layer of columnar cells 200 um high and 12-16 
um thick and an outer layer 40 to 80 um thick com- 
posed of isodiametric cells ca. 14-18 um in diameter. 

Specimens.— Holotype: UF 6539. Paratypes: UCMP 
10584, 10595, UF 6540, 6541, 9583, 9693-9717, 
USNM 355085 (19 specimens), 355087 (7 specimens), 
355088 (12 specimens), 355089 (12 specimens), 355091 
(12 specimens) 355100 (28 specimens), 355134 (8 
specimens). 

Discussion.— Parthenocissus clarnensis 1s character- 
ized by long, divergent ventral infolds, a lack of a cha- 
laza-base groove and weak to well-developed chalaza- 
apex groove (PI. 45, figs. 1-4). Some of the specimens 
are relatively globose and probably were borne one per 
fruit. Others have one or two flattened faces on the 
ventral side suggesting that they were borne two or 
more per fruit. It is much more common than P. an- 
gustisulcata, which has larger seeds with more pro- 
nounced chalaza-base and chalaza-apex grooves. 

This species resembles Parthenocissus monasterien- 
sis (Reid et Chandler) Scott from the London Clay flora 
and is similar to extant P. vatascea from northern Mex- 
ico and Vitis amurensis J.Y. Li from Siberia. 


Genus VITIS L. 


Vitis magnisperma Chandler 
Plate 45, figures 8-13 


Vitis magnisperma Chandler 1961b, p. 247, pl. 24, figs. 29, 30. 
Vitis, Bones, 1979, pl. 4, fig. 9. 
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Description. —Internal mold of seed coat more or less 
elliptical in face view, truncate or emarginate apically 
with a slight to well-developed chalaza-apex groove, 
chalaza-base groove faint or absent; length 7.0-10.3, 
avg. 8.9 mm (SD=1.09, n=6), width 5.5-6.9, avg. 6.2 
mm (SD=0.57, n=6), thickness 2.8-3.0, avg. 2.9 mm 
(SD=0.10, n=4); ventral infolds long, somewhat di- 
vergent apically, straight to curved, extending from the 
extreme base to the apical % of seed: chalaza circular 
to cordate, centrally positioned; faint ruminations ra- 
diate around the chalaza and over the dorsal surface; 
chalaza-apex groove well developed, chalaza-base 
groove faint or absent. 

Specimens.—UCMP 10607, UF 9735, 9879, USNM 
312761 (Bones, 1979, pl. 4, fig. 9, right), 355095, 
355098, 355127 (Bones 1979, pl. 4, fig. 9, left), 355130, 
434985. 

Discussion.—This species includes the largest vita- 
ceous seeds known from the Nut Beds, some a full 
centimeter in length. Only internal molds of the seed 
coat are represented, so the full size of the seed was 
somewhat larger. With its elongate ventral infolds, 
shallow chalaza-apex groove and ruminations ema- 
nating from the chalaza, this species does not differ in 
any essential characters from those in the London Clay 
described as Vitis magnisperma Chandler (Chandler, 
1961b). These seeds are larger than those typical of 
extant Vitis species, and the species might represent 
another genus. However Chandler’s assignment 1s re- 
tained pending further comparative work with extant 
Vitaceae. 


Vitis tiffneyi sp. nov. 
Plate 44, figures 1-5, 19, 20 


Etymology.—This species is named for Bruce H. 
Tiffhey in recognition of his contributions to paleo- 
botany and the study of fossil vitaceous seeds. 

Description.—Seed subglobose, bilaterally symmet- 
rical, with smooth contours, pointed at the base (hi- 
lum), apex slightly emarginate; length of complete seed, 
with seed coat intact 3.7—-4.0, avg. 3.9 mm (SD=0.14, 
n=5), width 3.2—3.5, avg. 3.4 mm (SD=0.13, n=5), 
thickness 2.3-2.7, avg. 2.5 mm (SD=0.14, n=5); cha- 
laza circular to elliptical, positioned centrally on the 
dorsal surface, sometimes surrounded by weak radi- 
ating undulations; chalaza-base groove moderate, cha- 
laza-apex groove pronounced, extending over the seed 
apex and merging with the raphal ridge of the ventral 
side; paired ventral infolds straight, short, approxi- 
mately half the length of the seed, oriented nearly par- 
allel to one another; with a fine groove at surface of 
raphe ridge; raphe ridge widening only slightly, if at 
all, toward the apex: seed coat 90-100 um thick, with 
a uniseriate layer of columnar cells ca. 90 um high and 
15-20 um wide. Internal mold of seed coat morpho- 


logically similar to the seed surface but with sharp base, 
emarginate apex, length 2.8-3.8, avg. 3.3 mm 
(SD=0.24, n=40), width 2.4-3.3, avg. 2.9 mm 
(SD=0.19, n=40), thickness 1.3-to 2.8, avg. 2.0 mm 
(SD=0.27, n=40). 

Specimens.— Holotype: UF 6534, seed cast. Para- 
types: UF 9573, 9625-9628, complete seed casts; HU 
60070 (Tiffney and Barghoorn, 1976, pl. II, J), UCMP 
10579-10583, UF 6563, 6535, 9572, 9629-9658, 
USNM 355094 (26 specimens), 355102 (20 speci- 
mens), internal molds of seed coat. 

Discussion.— The distinctive features of this seed type 
are the parallel, relatively short ventral infolds, typi- 
cally circular chalaza, bisymmetry and pronounced 
chalaza-apex groove. The species is abundant in the 
Nut Beds, represented both by complete seed casts with 
the seed coat intact (Pl. 44, fig. 1, 2) and by molds of 
the inside of the seed coat (Pl. 44, figs. 4, 5). Some of 
the complete seed casts have a portion of the seed coat 
fractured away, showing a relatively thin seed coat, 
and revealing the internal mold of the seed coat (PI. 
44, fig. 3). The internal molds, most abundant at the 
locality, are distinguished by the more sharply pointed 
hilar projection and by the outline of broken testa sur- 
rounding each of the ventral infolds. In general size 
and outline, these specimens can be confused with those 
of Ampelopsis rooseae, however, the latter are distin- 
guished by having divergent (Pl. 44, figs. 6, 8, 10), 
rather than parallel (Pl. 44, figs. 1, 4) ventral infolds 
and a thicker seed coat (cf. Pl. 44, figs. 3, 7, 19, 21). 

This species is similar in shape and size to V. subgl- 
obosa Reid et Chandler from the London Clay (Reid 
and Chandler, 1933; Chandler, 1961b). Tiffney and 
Barghoorn (1976) examined this Clarno species and 
noted that the short, wide ventral infolds indicate sim- 
ilarity to seeds of extant Ampelopsis and to many Pa- 
leogene species, including Vitis subglobosa Reid et 
Chandler, Ampelopsis crenulata, A. monasteriensis (A. 
rotundata emend. Chandler 1960), Vitis platyformis, 
V. rectisulcata, Palaeovitis paradoxa Reid et Chandler, 
V. obovoidea Chandler. Affinities to Ampelopsis prob- 
ably can be ruled out by the absence of a well-devel- 
oped chalaza-apex ridge. Based on their examination 
of this species from the Nut Beds, Tiffney and Bar- 
ghoorn (1976, p. 185) observed that the “The com- 
bination of distinctive infolds with other Vitis char- 
acters leads one to suspect that they represent either 
an unrecognized modern form or an extinct lineage in 
the genus Vitis.” 


INCERTAE SEDAE 
Genus ANKISTROSPERMA gen. nov. 
Etymology.—Ankistron (Gr = fish hook) + sperma 


(Gr = seed), referring to the J-shape of the seed. 
Type species.—Ankistrosperma spitzerae sp. nov. 
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Ankistrosperma spitzerae sp. nov. 
Plate 46, figures 11-13 


Etymology.—The epithet recognizes contributions 
of Josephine Spitzer to this project. 

Description.—Cast J-shaped, often bilaterally sym- 
metrical, circular in cross section, pointed at short end, 
blunt or truncate at long end; length 2.0—2.9 mm, width 
across plane of symmetry 0.7-0.9 mm, constricted in 
the apical region into a cylindrical neck 0.3-0.5 mm 
long, surface smooth. 

Specimens.— Holotype: UF 9806. Paratypes: UF 
9807-9814, 9815 (10 specimens), USNM 355568 (22 
specimens), 355571. 

Discussion.—This species is based upon distinctive 
J-shaped casts that appear to represent seeds with a 
curved embryo and a constricted, neck-like hilar area 
(Pl. 46, figs. 11-13). The short, pointed end might rep- 
resent the micropyle. Affinities with respect to modern 
families are unknown. 


Genus ANONYMOCARPA gen. nov. 


Etymology.—Anonymos (Gr = nameless, unknown) 
+ karpos (Gr = fruit), referring to the uncertain familial 
affinities of this fruit. 

Type species. —Anonymocarpa ovoidea sp. nov. 


Anonymocarpa ovoidea sp. nov. 
Plate 45, figures 14-17 


Etymology.—Ovatus (L = egg-shaped) + oid (Gr = 
like, resembling), referring to the endocarp shape. 

Description. — Fruit ellipsoidal, circular in cross sec- 
tion, rounded apically and basally, unilocular, single- 
seeded; length 29 mm, equatorial diameter 22 mm, 
pericarp consisting of three layers: 1) inner layer 120- 
140 um thick, uniseriate, composed of anticlinally 
elongate cells 120-140 um high, 20-30 um wide, 2) 
middle layer 400 um thick composed of longitudinally 
oriented fibers, 50-100 um wide, 3) outer layer about 
400 um thick composed of narrow, horizontal, peri- 
clinally oriented fibers, this outer layer with prominent 
longitudinal vascular bundles up to 200 um in diam- 
eter. 

Specimen.— Holotype: USNM 355614. 

Discussion.—This species is known from one fruit 
that has been sectioned transversely to show the single 
locule and wall structure. Although the fruit is ana- 
tomically distinctive, its systematic affinities remain 
obscure. 


Genus ASCOSPHAERA gen. nov. 


Etymology.—Asco (Gr = bag, bladder) + sphaero 
(Gr = ball), referring to the sack-like form of the fruit 
and spheroidal form of the seed. 

Type species.—Ascosphaera eocenis sp. nov. 


Ascosphaera eocenis sp. nov. 
Plate 46, figures 6-10 


Etymology.—The epithet refers to the Eocene age of 
the Nut Beds deposit where this species occurs. 

Description.—Fruit bulb-shaped, radially symmet- 
rical, unilocular, single-seeded, circular in cross sec- 
tion, length 3.1-4.4 mm, width 2.0-3.0 mm, surface 
rough; fruit wall 0.4-0.6 mm thick with an outer layer 
of polygonal cells 100-200 um in diameter. Locule cast 
spheroidal, length 2.0-2.1 mm, equatorial diameter 
1.7-1.8 mm, smooth, with a circular truncation at the 
base, and a slight rise at the apex, sometimes with a 
faint longitudinal groove (raphe?). 

Specimens.—Holotype: UF 6318. Paratypes: UF 
6319, 6320, 9789, 9790, 9873, fruits; UF 6343, 6415, 
9770, USNM 424753, 424759, 424789, locule casts. 

Discussion.—This species is represented by silicified 
fruits shaped like light bulbs (Pl. 46, figs. 6, 7) and 
globose locule casts (PI. 46, figs. 8, 9). A fractured fruit 
with the locule cast partially exposed (Pl. 46, fig. 7) 
helps to establish the link between the complete fruits 
and isolated locule cast specimens. 


Genus AXINOSPERMA gen. nov. 


Etymology.—Axine (Gr = Ax, wedge) + spermum 
(Gr = seed). 
Type species. —AXxinospermum agnostum sp. Nov. 


Axinosperma agnostum sp. nov. 
Plate 46, figures 1S. 


Etymology.—Agnostos (Gr = unknown, unknow- 
ing), alluding to the unknown affinities of this taxon. 

Description.—Seed bilaterally symmetrical, more or 
less elliptical with rounded base and apex as seen in 
lateral view; laterally compressed with a median keel 
developed apically and ventrally in the plane of sym- 
metry, length 1.9-2.2 mm, width in the plane of sym- 
metry |.2—1.6 mm, thickness across the plane of sym- 
metry 0.7-1.0 mm, surface smooth, hilum subapical 
and ventral in the plane of symmetry; embryo cavity 
elongate, curved ventrally, circular in cross section. 

Specimens.— Holotype: UF 6290. Paratypes: UF 
9799, 9800, 9816-9829, USNM 424711-424713, 
424716, 424736. 

Discussion.—These small seeds are preserved as sil- 
ica casts. The laterally flattened shape and the keel 
along the apical and dorsal margins in the plane of 
symmetry are distinctive features. Sometimes the api- 
cal crest is broken away, revealing a lobe of the embryo 
cavity (Pl. 46, figs. 3, 4). A transversely sectioned seed 
(Pl. 46, fig. 5) reveals the elliptical cross section of the 
embryo cavity. 
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Genus BONESIA gen. nov. 


Etymology.—Named in memory of Thomas J. Bones, 
the collector. 
Type species.— Bonesia spatulata sp. nov. 


Bonesia spatulata sp. nov. 
Plate 47, figures 1-10 


Etymology.— Spatula (L = diminutive of spatha, a 
broad blade, paddle for stirring) referring to the spat- 
ulate shape of the locule casts. 

Description.— Fruit unilocular, single-seeded, wide- 
elliptical in face view, dorsiventrally flattened, ellip- 
tical or lenticular in cross section; quadrilaterally sym- 
metrical about the longitudinal axis, base and lateral 
margins rounded, apex mucronate, surface smooth with 
a low-rounded, median longitudinal ridge extending 
from the base to the apex on both dorsal and ventral 
sides; pericarp 0.5 mm thick, composed of an inner 
layer of radial files of isodiametric sclereids 50-63 um 
in diameter and a uniseriate outer layer of anticlinally 
oriented columnar sclerenchymatous cells 83 um high, 
12-15 um wide. Locule cast smooth, similar in shape 
to endocarp, with a circular basal depression approx- 
imately | mm in diameter, locule cast length 4.3-6.2, 
avg. 5.0 mm (SD=0.5, n=14), width 3.9-5.2, avg. 4.5 
mm (SD=0.39, n=14), thickness |.4—2.4, avg. 1.9 mm 
(SD=0.31, n=14); seed with a thin shriveled seed coat 
and large embryo with a pair of planar cotyledons. 

Specimens.— Holotype: USNM 424642. Paratypes: 
UCMP 10728, 10729, UF 6355, 8583, 8584, 9398- 
9404, 9472, USNM 354057 (3 specimens), 424643, 
435088. 

Discussion.—Bonesia spatulata fruits usually are 
preserved as white translucent chalcedony locule casts 
that are readily identified by their dorsiventral flatten- 
ing, slightly raised median dorsal and ventral ridges, 
slight apical beak (PI. 47, figs. 1-4) and prominent basal 
circular scar (PI. 47, figs. 4-6). Occasionally part of the 
fruit wall is preserved and may be sectioned to reveal 
a relatively thick endocarp with an outer uniseriate 
columnar layer (Pl. 47, figs. 8, 10). Sections through 
the locule casts reveal a single seed within the locule, 
with a pair of large, planar cotyledons (Pl. 47, figs. 8, 
9). 


Genus COMMINICARPA gen. nov. 


Etymology.—Comminus (L = near, at close quar- 
ters) + karpos (Gr = fruit), referring to the close spacing 
of fruits within the infructescence. 

Type species.—Comminicarpa friisae sp. nov. 


Comminicarpa friisae sp. nov. 
Plate 48, figures 1-7 


Etymology.—The epithet recognizes the contribu- 
tions of Else Marie Friis to paleobotany. 


Description.—Infructescence spike-like, at least 16 
mm long, and 10 mm in diameter consisting of nu- 
merous achenes closely packed together on an elongate 
axis, perianth not evident. Fruits apparently grouped 
in threes, more or less obovate, laterally faceted and 
angular-subrounded in cross section through crowding 
effect of neighboring fruits, cuneate in longitudinal sec- 
tion, narrowed basally, apex truncate-rounded with 
central protruding style; fruit length 2.5-2.8 mm, width 
0.85-1.1 mm, pericarp 80-100 um thick, composed 
mostly of isodiametric cells about 10-15 wm in di- 
ameter, but with an intermittent middle uniseriate lay- 
er of large rectangular to subrounded cells 30-50 wm 
in diameter that appear to be idioblasts. Fruits uni- 
locular with a single seed pendulous from the apex. 
Seed coat consisting of a thin layer of narrow (5 um) 
axially elongate cells. 

Specimens.— Holotype: USNM 355697. Paratypes: 
UF 9349, 9582, 9874-9878. 

Discussion.—This species is represented by one in- 
fructescence (PI. 48, figs. 1-3, 5) and several specimens 
with isolated achenes in close proximity scattered in 
small pieces of sediment. The fruits are achenes, each 
with a prominent central style. The seed coat is well 
preserved and appears to have been well cutinized. 


Genus CUNEISEMEN gen. nov. 


Etymology.—Cuneus (L = wedge) + semen (L = 
seed). 
Type species.—Cuneisemen truncatum sp. nov. 


Cuneisemen truncatum sp. nov. 
Plate 47, figures 11-16 


Etymology.—Truncus (L = cut off), referring to the 
apical facet. 

Description.—Seed/pyrene elongate, typically bisy- 
metrical, shaped like a lemon segment, with a rounded 
dorsal face and a pair of relatively flat ventral faces 
meeting at an angle of ca. 50-60°, giving a rounded- 
triangular cross section, truncate apically with a tri- 
angular facet, ca. 0.9-1.2 mm in diameter, bluntly 
pointed at the base; length 4.0-4.8, avg. 4.6 mm 
(SD=0.60, n=9), width 2.2—3.1, avg. 2.5 mm (SD=0.30, 
n=9), dorsiventral thickness 2.1-2.5, avg. 2.3 mm 
(SD=0.13, n=9), dorsal and ventral faces very finely 
striate longitudinally; outer coat thin, terminating api- 
cally in a rim around the truncation. 

Specimens.— Holotype: UF 6392. Paratypes: UCMP 
10687, UF 9362, 9364-9368, 9724. 

Discussion.—This species is represented by wedge- 
shaped chalcedony casts that appear to represent py- 
renes or seeds. The angular shape suggests that they 
may have been borne close together in the fruit. Of 
eight specimens, seven are bilaterally symmetrical, with 
the plane of symmetry bisecting the ventral angle (PI. 
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47, figs. 11, 15) and one is asymmetrical (Pl. 47, fig. 
16), possibly distorted through ontogeny. The outer 
covering (seed coat or exocarp?) forms a rim around, 
but does not cover, the apical truncation (Pl. 47, fig. 
14), indicating that the truncation is probably the at- 
tachment scar. The familial affinities of this taxon re- 
main undetermined. 


Genus DENTISEMEN gen. nov. 


Etymology.— Dentis (L = tooth) + semen (L = seed) 
Type species.—Dentisemen parvum sp. nov. 


Dentisemen parvum sp. nov. 
Plate 46, figures 14-17 


Etymology.—Parvus (L = little), referring to the small 
seed size. 

Description.—Seed cast trigonal in outline with flat 
base and pointed apex, rounded dorsally, bilaterally 
symmetrical, with a median longitudinal infold or slit 
on the ventral surface in the plane of symmetry ex- 
tending from the apex to a point about 4 of the distance 
from the base; length 2.5-2.7 mm, width 1.4-1.7, 
thickness 1.0-1.3 mm; surface micro-verrucate. 

Specimens.— Holotype: UF 9766. Paratypes: UCMP 
10738, UF 9767, USNM 355434, 355670. 

Discussion.—These appear to be internal molds of 
seed coat. They are preserved in white chalcedony, 
without cellular detail. Although distinctive in the flat 
base, median ventral slit (Pl. 46, figs. 14, 16) and ver- 
rucate surface (Pl. 46, figs. 16, 17), the affinities among 
extant families remain unknown. 


Genus DUROCARPUS gen. nov. 


Etymology.— Durus (L = hard, tough, lasting) + kar- 
pos (Gr = fruit). 
Type species.—Durocarpus cordatus sp. nov. 


Durocarpus cordatus sp. nov. 
Plate 48, figures 8-13 


Etymology.—The epithet, cordatus (L = heart- 
shaped) refers to the seed outline. 

Description.—Fruit wide obovate in face view, el- 
liptical in cross section, quadrilaterally symmetrical 
with the two planes of symmetry intersecting at mght 
angles in the vertical axis; in face view apex more or 
less flat, base wide-cuneiform; length 5.5 mm, width 
6.0 mm, thickness 3.9 mm; bicarpellate and bilocular 
with one seed per locule; surface smooth and rounded; 
pericarp thick, 1.2 mm, septum 2 mm thick; locules 
obovate, 1.8 mm high, 0.8 mm wide, placentation ven- 
tral near the apex of locule, ovules pendulous; a central 
column of vascular strands passing medially from the 
base to the apex, tapering toward the apex; locule lining 
and endocarp composed of a four- to ten-seriate layer 
of thick-walled isodiametric cells 25-60 um in diam- 


eter; mesocarp, forming the bulk of tissue between and 
surrounding the two endocarps, composed of thin- 
walled cells 42-75 um in diameter, with islands of 
thick-walled cells similar to those of the endocarp, 
prominent branching vascular strands and lacunae filled 
with dark contents, exocarp not preserved. 

Specimen.— Holotype: UF 6110. 

Discussion.— Durocarpus is represented by a single 
specimen that is a distinctive bilocular, relatively thick- 
walled fruit. The specimen was sectioned longitudi- 
nally (Pl. 48, fig. 10), revealing the ventral, subapical 
placentation (PI. 48, figs. 11, 12), then reassembled and 
sectioned transversely (Pl. 48, fig. 13). The fruit anat- 
omy is well preserved. Extant families with similar 
characteristics include Anacardiaceae, Euphorbiaceae, 
Meliaceae. No closely similar extant genera were ob- 
served among these families, however. 


Genus FERRIGNOCARPUS gen. nov. 


Etymology.—This genus is named for James P. Fer- 
rigno, recognizing his services to paleobotany at the 
U.S. National Museum. 

Type species.—Ferrignocarpus bivalvis sp. nov. 


Ferrignocarpus bivalvis sp. nov. 
Plate 49, figures 1-15, Text-figure 18 


Etymology.— Bi (L = two) + valva (L = leaf of a 
folding door), referring to the two-valved structure of 
the endocarp. 

Description. — Fruit unilocular, endocarp elliptical in 
face view, lensoidal in cross section, quadrilaterally 
symmetrical with two planes of symmetry intersecting 
at right angles in the vertical axis, base and apex round- 
ed, endocarp length 4.5-9.0, avg. 6.3 mm (SD=1.48, 
n=19), width 3.4—6.4, avg. 4.7 mm (SD=0.81, n=18), 
thickness 2.1-3.9, avg. 2.9 mm (SD=0.57, n=17), bi- 
valved, splitting along the major plane of symmetry, 
endocarp wall 1.0-1.2 mm thick, composed of: an in- 
ner layer about 50 um thick composed of square to 
rectangular cells up to 15 wm in diameter, a middle 
layer typically 300 um thick of vertically oriented fibers 
25 um in diameter, and a thick outer layer of anticlin- 
ally oriented short fibers, 55-75 um long and 20-30 
um in diameter; rhomboidal crystals in idioblasts com- 
mon at the contact between the two layers of fibers. 
Locule cast smooth, elliptical to broadly obcordate in 
face view, lensoidal to elliptical in cross section, quad- 
rilaterally symmetrical, with a keel around the margin 
in the major plane of symmetry, and a shallow median 
longitudinal groove on both dorsal and ventral faces 
in the minor plane of symmetry; base slightly cordate 
or emarginate in face view, rounded in lateral view, 
sometimes with a thin straight stalk; apex obtuse in 
dorsiventral view, acute in lateral view. 

Specimens.— Holotype: USNM 424624. Paratypes: 
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Text-figure 18.—Ferrignocarpus bivalvis gen. et sp. nov. A, Ventral 
view of a single fruit valve showing thick wall and concave locule. 
B, Typical specimen in transverse section. 


UF 5669, 9386-9393, USNM 355348, 355369 (2 spec- 
imens), 355483 (8 specimens), 355404, 424803, 
424804. 

Discussion.— Ferrignocarpus bivalvis is represented 
mostly by locule casts that are distinctive in their cor- 
date outline with a longitudinal keel in the major plane 
of symmetry and a longitudinal median groove in the 
minor plane of symmetry (e.g., Pl. 49, figs. 2-4, 7). 
Only a few of the locule casts retain some or all of the 
thick endocarp wall (Pl. 49, figs. 5, 6, 8, 9). One spec- 
imen is a mold in sandstone representing one valve of 
the endocarp pressed into the sediment showing the 
cordate outline of the locule within the elliptical outline 
of the endocarp (PI. 49, fig. 1). The anatomy of the 
wall and locule contents are revealed in thin sections 
(Pl. 49, figs. 10-15). As seen in transverse sections, the 
locule contains an elliptical mass of parenchymatous 
tissue with a central 4-lobed space near the base (PI. 
49, figs. 12-14). The original structure is open to in- 
terpretation. The parenchymatous body may represent 
the storage tissue of a single seed with the 4-lobed 
central space representing the position of archegonia 
or of a decomposed embryo. The central part of the 
four-lobed space has an incomplete septum that ap- 
pears to give rise to two placentae (PI. 49, fig. 14). 


Genus FIMBRIALATA gen. nov. 
Etymology.—Fimbria (L = fringe) + alatus (L = 
winged). 
Type species.—Fimbrialata wingti sp. nov. 


Fimbrialata wingii sp. nov. 
Plate 50, figures 14-19; Text-figure 19 
Etymology.—This species is named after Scott L. 


Wing, recognizing his contributions to Eocene paleo- 
botany. 


Text-figure 19.—Fimbrialata wingii gen. et sp. nov. A, Seed in 
lateral view. B, Seed in face view showing the encircling wing. C, 
Transverse section of seed. 


Description.—Seed subellipsoidal, asymmetrical, 
dorsiventrally compressed, consisting of a central seed 
body with a thin wing surrounding approximately in 
the dorsiventral plane; seed body more or less elliptical 
in cross-section, base and apex of seed and of seed 
body rounded in face view; seed height 2.9-3.7 mm, 
width 1.7-2.1 mm, thickness 0.6-0.9 mm; wing with 
striations oriented perpendicular to its margin, forming 
a flange about 0.3 mm wide around the seed body; 
surface of seed body smooth. Seed body with copious 
endosperm, embryo minute. 

Specimens.— Holotype: USNM 435057. Paratypes: 
UF 6286, 6289, 6867, USNM 435058. 

Discussion.— Because of the delicate nature of these 
fossils, the flanging wing often is partially broken. At 
first it appeared that the Fimbrialata wingii specimens 
might represent locule casts of a bivalved fruit with 
the ‘‘wings” representing the silica-filled crack along 
the dehiscence plane. However, transverse sections re- 
veal a cutinized layer outlining a well-defined wing (PI. 
50, fig. 19). 


Genus FRAGARITES gen. nov. 


Etymology.—Fragaria (L = strawberry) + ites (Gr 
= like, having the nature of), referring to the similarity 
in shape to the achenes of Fragaria. 

Type species.—Fragarites ramificans sp. nov. 


Fragarites ramificans sp. nov. 
Plate SO, figures 1-4 


Etymology.—The epithet refers to the ramifying sur- 
face ribs. 
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Description. —Seed (or achene?) bilaterally symmet- 
rical, laterally compressed and more or less D-shaped 
in the plane of symmetry, i.e., rounded in lateral out- 
line except for the straight hilar margin, and lenticular 
in cross section; length along hilar margin 2.4—3.7, avg. 
3.0 mm (SD=0.63, n=7), width 2.0-3.3, avg. 2.4 mm 
(SD=0.53, n=7), thickness 1.4—2.3, avg. 1.7 mm 
(SD=0.39, n=7), length/thickness ratio 1.6—1.9; upper 
end of the flat hilar margin with a micropylar point, 
lower margin of the flat hilar margin rounded, surface 
covered by a reticulum of bifurcating fibrous ribs ca. 
0.1 mm in diameter that are oriented approximately 
at right angles to the hilar edge. Inner mold of seed 
coat similar in shape to the seed, with smooth surface. 

Specimens.— Holotype: USNM 424729. Paratypes: 
UCMP 10745, UF 6421, 9557-9564. 

Discussion. — Fragarites ramificans is represented by 
chalcedony casts of a seed or achene with prominent 
bifurcating ribs that run at right angles to the hilar edge 
(Pl. 50, figs. 1, 3). Most commonly, it is preserved as 
an inner mold of the seed coat, with little or none of 
the outer reticulum adhering. Internal anatomy has not 
been determined. At least superficially, these speci- 
mens with their D-shaped outline and transverse rib- 
bing resemble achenes of Fragaria in the Rosaceae. 


Genus GLOBULICARPIUM gen. nov. 


Etymology.—Globulus (L = bead) + karpos (Gr = 
fruit). 
Type species.—Globulicarpium levigatum sp. nov. 


Globulicarpium levigatum sp. nov. 
Plate 50, figures 5-13 


Etymology.—Laevis (L = smooth), referring to the 
smooth surface of the fruit. 

Description.—Fruit nearly spherical, but with the 
pedicel scar raised on a nipple-like projection, hence 
slightly longer than wide, unilocular, single-seeded, in- 
dehiscent, length 4.3-6.8, avg. 5.5 mm (SD=0.79, 
n=13), equatorial diameter 3.2-5.7, avg. 4.5 mm 
(SD=0.66, n=17); surface smooth, sometimes shiny; 
pericarp 0.9 mm thick, composed of at least four suc- 
cessive layers: 1) locule lining composed of a uni- to 
biseriate layer about 24 um thick of thin-walled hor- 
izontally oriented cells 10-15 um high by 50-87 um 
long, 2) a thick layer, 400-500 um thick, consisting of 
isodiametric to horizontally elongate thick-walled 
sclereids varying to large size (SO—210 um in diameter), 
often with dark contents, nested among horizontally 
elongate parenchyma cells 15—40 um thick, 60-120 um 
wide, this layer containing about 20 longitudinal vas- 
cular bundles with helically thickened elements situ- 
ated about in the middle of the layer, the inner 4 of 
the middle layer in most specimens usually poorly pre- 
served, detail obscured by the confluence of the opaque 


contents of oil cells or sclereids; 3) a band 150-175 
um thick of isodiametric parenchyma cells 15-25 um 
in diameter and, 4) a uniseriate outer layer of anti- 
clinally elongate cells 35 wm high, 8-12 um wide. Loc- 
ule globose, smooth-walled, seed filling the locule, cot- 
yledons not preserved. 

Specimens.— Holotype: USNM 355663. Paratypes: 
UCMP 10623, UF 6349, 8804-8807, 9331, 9332, 
9506-9512, USNM 435009-435011, 435038. 

Discussion.—Globulicarpium levigatum is repre- 
sented in the Nut Beds by casts and permineralized 
fruits. Although similar in size and globose shape to 
Celtis which is also common in the Nut Beds, it is 
distinguished in the field by its smooth outer surface 
and nipple-like attachment scar. Transverse and lon- 
gitudinal sections have revealed the thickness and 
anatomy of the pericarp (PI. 50, figs. 11-13). The peri- 
carp was probably leathery; a few specimens are shriv- 
eled like a raisin (e.g., UF 9332). 

The affinities of Globulicarpium could possibly be 
with the Lauraceae, but the lack of columnar cells, 
which are characteristic of the endocarps of Lauraceae 
(Reid and Chandler, 1933), and lack of preservation 
of large plano-convex cotyledons have made me hes- 
itant to assign it to that family. This species appears 
to be very similar in external morphology to a speci- 
men figured as “undetermined Lauraceae fruit’ by 
Collinson (1983, fig. 216) from the London Clay flora, 
but I have not conducted a detailed comparison. 


Genus HEXACARPELLITES gen. nov. 


Etymology.— Hexa (Gr = six) + karpos (Gr = fruit), 
referring to the six carpels evident in this fruit. 
Type species.—Hexacarpellites hallii sp. nov. 


Hexacarpellites hallii sp. nov. 
Plate 51, figures 1-4 


Etymology.—This species is named after William 
and Gertrude Hall of Vancouver, Washington recog- 
nizing their encouragement and support of the Clarno 
paleobotany project. 

Description.— Fruit subglobose, prolate, with six ra- 
dially connate carpels, base and apex rounded, surface 
texture unknown; length 5.1 mm, equatorial diameter 
4.3 mm; with six vertically elongate locules up to 4.5 
mm high, 0.8 mm wide and |.1 mm dorsiventral thick- 
ness; septa thick, with obvious suture lines; one seed 
per locule, placentation axile; seeds shrunken within 
locules, seed coat composed ofa thin layer of polygonal 
to spherical, tan cells, 20-35 um in diameter; apparent 
embryo within seed 0.41 mm thick dorsiventrally, 0.1 
mm wide, preserved in dark brown silica; central axis 
of fruit thick and prominent from base to apex, filled 
with dark fibers and vascular tissue. 

Specimen.— Holotype: USNM 424653. 
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Discussion.— Hexacarpellites hallii is represented by 
a single specimen. Although it appears to have a rough 
outer surface (Pl. 51, fig. 1), the exterior of the fruit is 
fragmented away, possibly having adhered to the sed- 
imentary matrix from which it was collected, leaving 
no evidence of original surface detail. Serial sectioning, 
however, revealed very good internal preservation, in- 
cluding a seeds and embryo within each locule (PI. 51, 
figs. 2-4). Successive transverse sections showed that 
the locules are axially elongate and single-seeded. The 
distal margin of each locule cast is exposed in a median 
longitudinal groove of the fruit. This may be an artifact 
of the way that the fossil was removed from the matrix, 
but if it is an original feature of the fruit it suggests 
that dehiscence was loculicidal. 


Genus JOEJONESIA gen. nov. 


Etymology.—Named after Joseph Jones III, director 
of Hancock Field Station, Fossil, Oregon, recognizing 
his support and encouragement of paleobotanical field 
studies at the Nut Beds. 

Type species.—Joejonesia globosa sp. nov. 


Joejonesia globosa sp. nov. 
Plate 51, figures 5-8 


Etymology.— Globus (L = ball), referring to the fruit 
shape. 

Description.—Fruit globose, unilocular, bivalved, 
height 8 mm (est.), equatorial diameter 8.0 mm, with 
a reticulum of thin veins over the surface; endocarp 
wall 1.3 mm thick, composed of isodiametric suban- 
gular sclereids typically 90-150 um in diameter, small- 
er toward the locule (40-60 um), locule lining unise- 
riate, composed of poorly preserved rectangular cells, 
40 um thick; locule smooth, with a keel in the plane 
of dehiscence. 

Specimen.— Holotype: UF 9260. 

Discussion.—This species is represented by a single 
fragmentary specimen. It is sufficiently complete, how- 
ever, to discern both internal and external morphology 
of the endocarp, and the anatomical preservation is 
excellent. The salient features of Joejonesia are globose 
shape, reticulate surface, bivalved endocarp (PI. 51, 
fig. 5), the smooth, keeled locule (Pl. 51, figs. 6, 7) and 
the large sclereids composing the endocarp (PI. 51, fig. 
8). Although the locule in this specimen is empty, its 
form suggests that there was only a single seed. In size 
and bivalvate construction, it brings to mind Prunus, 
but Prunus has smaller sclereids composing the wall 
and the dehiscence plane is developed on only one side 
of the endocarp (cf. Pl. 35, figs. 11-15). 


Genus LIGNICARPUS gen. nov. 


Etymology.—Lignum (Gr = wood) + karpos (Gr = 
fruit). 


Type species.— Lignicarpus crassimuri sp. nov. 
Lignicarpus crassimuri sp. nov. 
Plate 51, figures 9-16 


Etymology.— Crassi (L = thick) + murus (L = wall). 

Description.—Endocarp ovoid, elliptical to circular 
in cross section, unilocular, single-seeded, base and 
apex obtuse-rounded, length 9.7—11.4 mm, maximum 
width 6.0-6.1 mm, minimum width 3.7 mm; endocarp 
surface rough-textured, with longitudinally striate fi- 
brous ribs, endocarp wall |.4—2.0 mm thick, composed 
of longitudinally oriented fibers 50-88 um diameter, 
with evenly distributed clusters (as seen in cross sec- 
tion) of smaller vertically oriented vascular strands; 
locule narrow-pyriform, rounded basally, tapering to 
a point apically. Seed pendulous?, conforming in shape 
to the locule, with a thin seed coat. 

Specimens.— Holotype: UF 6111. Paratypes: UF 
6578, 9765. 

Discussion.—These thick-walled unilocular endo- 
carps bear a superficial resemblance to those of Nyssa. 
However the fibers of Lignicarpus crassimuri run ver- 
tically, unlike those of Nyssa which form swirling tracts 
of varying orientation (cf. Pl. 11, fig. 19), and Nyssa 
does not have vascular bundles scattered through the 
endocarp. 


Genus LIGNIGLOBUS gen. nov. 


Etymology.—Lignum (L = wood) + globus (L = 
ball), referring to the woodiness and globose shape of 
the endocarp. 

Type species.— Ligniglobus sinuosifibrae sp. nov. 


Ligniglobus sinuosifibrae sp. nov. 
Plate 53, figures 1-8 


Etymology.—Sinuosus (L = full of bendings) + fibra 
(L = thread, fiber), referring to the sinuous arrangement 
of fibers over the surface of the endocarp. 

Description.—Fruit subglobose, unilocular with a 
protrusion at one end, length 20.0-30.5 mm, equato- 
rial diameter 20.0—25.1 mm; surface verrucate with 
fine, wavy, longitudinal striations; pericarp 4.2-6.3 mm 
thick composed successively of: 1) locule lining 120 
um thick, cells not well preserved, 2) main inner layer 
3.7 mm thick of anticlinally oriented septate fibers 1 7- 
25 um thick radiating outward from locule; 3) a 1.25 
mm-thick zone of isodiametric parenchyma cells 50- 
80 um in diameter; 4) an outer layer approximately 1 
mm thick with periclinally and horizontally oriented 
fibers; 5) epicarp composed of periclinal files of rect- 
angular cells 35-60 wm wide, 12-30 um thick, appar- 
ently with ducts or vasculature running through this 
layer; locule globose to elongate. 

Specimens.— Holotype: UF 8483. Paratypes: UF 
8480, 9894, USNM 312752 (Bones, 1979, pl. 1, fig. 
7), 354386. 


CLARNO (EOCENE) FRUITS AND SEEDS: MANCHESTER 103 


Discussion. — Ligniglobus is represented by permin- 
eralized fruits that reveal woody internal structure in 
sections and fractured surfaces. Because of its relatively 
large size, thick wall, and single locule (Pl. 53, figs. 1- 
4), this fruit type is superficially similar to Scabrae- 
carpium clarnense (cf. Pl. 59, figs. 1-7) but is distin- 
guished by its more globose shape and finer, narrower 
endocarp fibers and by the lack of fibrovascular bun- 
dles in the endocarp. 


Genus LUNATICARPA gen. nov. 


Etymology.—Lunat (L = crescent moon) + karpos 
(Gr = fruit), referring to the crescent shaped outline of 
the fruit. 

Type species.— Lunaticarpa curvistriata sp. nov. 


Lunaticarpa curvistriata sp. nov. 
Plate 52, figures 1-12 


Etymology.—Curvus (L = bent) + striata (L = line), 
referring to the endocarp surface pattern. 

Description.—Endocarp reniform, bilaterally sym- 
metrical, laterally compressed in the plane of sym- 
metry, unilocular, single-seeded; dorsal surface con- 
vex-rounded, with a rounded keel in the plane of 
symmetry, ventral side convex-rounded to nearly 
straight with a circular, centrally positioned funicular 
opening; dorsiventral length 2.6-4.9, avg. 3.7 mm 
(SD=0.51, n=32), width 3.2-5.0, avg. 4.1 mm, 
(SD=0.53, n=32), thickness 1.0-2.2, avg. 1.9 mm 
(SD=0.35, n=32): surface finely striate with the stri- 
ations on the lateral faces arched parallel to the cur- 
vature of the dorsal surface; fruit surface following con- 
tour of the curved seed, and the bulging median condyle; 
pericarp 200-250 um thick around the dorsal side, 
about five times thicker adjacent to the funicular open- 
ing, composed of: an inner layer 110 um thick of iso- 
diametric cells 12.5—30.0 um in diameter and an outer 
layer 100 um thick composed of fibers oriented parallel 
to the surface. Locule cast crescent-shaped to nearly 
straight, with a sharp median keel on the dorsal side 
and a ventral funicular plug, smooth to very faintly 
transversely ruminate, one of the limbs rounded, the 
other with a pointed tip. Seed curved, conforming to 
the shape of the locule. 

Specimens.— Holotype: USNM 435020. Paratypes: 
UCMP 10717-10719, UF 6336-6341, 8582, 8767, 
8773, USNM 355653, 422527, 422528, 435018, 
435019, 435021, 435022, 435024435037, 435045, 
435046. 

Discussion.—This species is represented by permi- 
neralized endocarps and numerous isolated locule casts. 
Distinctive endocarp features of Lunaticarpa are the 
reniform shape, dorsal keel, curved striations on the 
lateral faces (Pl. 52, figs. 1-3), and the large condylar 
cavity about which the locule is curved (Pl. 52, figs. 


10, 11). The curvature and faint transverse rumina- 
tions of the locule cast bring to mind Menispermaceae. 
Similar, unornamented endocarps occur in extant Pa- 
chygone. However, this similarity may be the result of 
convergence; I have not been able to confirm affinities 
with Menispermaceae. 


Genus MICROPHALLUS gen. nov. 


Etymology.—Micro (Gr = small) + phallus (Gr), 
referring to the penial appearance of these specimens. 
Type species.—Microphallus perplexus sp. nov. 


Microphallus perplexus sp. nov. 
Plate 53, figures 9-17 


Etymology.—The epithet perplexus refers to the baf- 
fling affinities of this taxon. 

Description.—Seed pyriform or tear-drop shaped in 
outline, bilaterally symmetrical, dorsiventrally com- 
pressed with a central depression (chalaza?) on the ven- 
tral surface, and a raised circular area (hilum?) on the 
dorsal surface; length of complete seed 4.8-6.7, avg. 
5.5 mm (SD=0.45, n=7), width 3.2-4.7, avg. 3.8 mm, 
(SD=0.50, n=7), thickness 2.3-3.2, avg. 2.7 mm 
(SD=0.34, n=6); seed coat thick (0.6 mm) comprised 
ofa uniseriate layer of elongate thick walled cells which 
form coarse surface striations that radiate from the 
periphery of the dorsal raised area and the from the 
center of the ventral face. Embryo forming a circular 
loop in the main seed body, and a pronounced apical 
extension (radicle) about 0.7 mm in diameter and up 
to 2 mm long that protrudes through the apex of the 
seed; length of embryo cast 4.4-6.3, avg. 5.5 mm 
(SD=0.72, n=5), width 2.5—3.2, avg. 2.8 mm (SD=0.27, 
n=5), thickness 1.2—1.6, avg. 1.4 mm (SD=0.15, n=5). 

Specimens.— Holotype: UF 5243, complete seed. 
Paratypes: UF 6346, 9280, USNM 355414, 355391, 
355685 (2 specimens), complete seeds; OMSI Pb1839, 
UCMP 10739, 10740, UF 5242, 9281, 9282, USNM 
355685 (3 specimens), 434965, embryo casts. 

Discussion.—Seeds of Microphallus present a dis- 
tinctive morphology and are easily recognized because 
the embryo, usually preserved in white chalcedony, 
resembles a screw eye (PI. 53, fig. 13). The loop in the 
embryo cast may represent curved cotyledons, but in 
most specimens the loop is closed with no indication 
of where the cotyledons might terminate. I interpret 
the raised dorsal area on the seed (PI. 53, figs. 10-12, 
15, 16) to be the hilum and the ventral cavity (Pl. 53, 
figs. 9, 14) to be the chalaza, but as yet, I have no clue 
as to the systematic affinities of this fossil. 


Genus NEPHROSEMEN gen. nov. 


Etymology.—Nephro (Gr = kidney) + semen (L = 
seed) referring to the roughly kidney-shaped outline of 
the seed. 
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Type species.—Nephrosemen reticulatus sp. nov. 


Nephrosemen reticulatus sp. nov. 
Plate 54, figures 6-13 


Etymology.—reticulatus (L = netlike), referring to 
the seed surface pattern. 

Description.—Seed reniform, bilaterally symmetri- 
cal, laterally compressed in the plane of symmetry, 
more or less rounded in lateral profile, with a concave 
notch at the hilar end, micropyle pointed, situated ad- 
jacent to hilum; seed height (hilum to dorsal edge) 2.2- 
3.1, avg. 2.7 mm (SD=0.28, n=19), width 2.2-3.0, avg. 
2.5 mm (SD=0.23, n=19), thickness 1.1-1.9, avg. 1.3 
mm (SD=0.20, n=19); smoothly contoured, surface 
covered by a fine reticulum of pentagonal and hexag- 
onal cells 49-62 um in diameter with thick anticlinal 
walls, these cells aligned in rows radiating from the 
micropyle area. 

Specimens.— Holotype: UF 6500. Paratypes: UF 
6389, 6573, 9167, 9376-9382, USNM 355047, 355052, 
355403, 424683-424686, 424746-424749. 

Discussion.— Nephrosemen is readily recognized in 
the Nut Beds collections by the kidney-shaped lateral 
profile, lateral compression and reticulate surface. 
Specimens vary from longer than wide (PI. 54, figs. 6—- 
9, to wider than long (Pl. 54, fig. 11). The closely ad- 
jacent hilum and micropyle (PI. 54, fig. 7) suggest that 
the seed was anatropous. The seed shape and reticulate 
surface bring to mind seeds of extant Theaceae. They 
are much larger than the seeds of Cleyera (cf. Pl. 38, 
figs. 1-5), yet the surface reticulum (PI. 51, fig. 10) is 
much finer, and a curved embryo has not been detected 
in Nephrosemen. There is an even closer resemblance 
to seeds of genera in the Solanaceae, for example, Man- 
dragora, Solanum (part), Physocarpus, in the shape 
and reticulate surface of the seed. Whether the embryo 
is curved or coiled in the fossil, as in Solanaceae, re- 
mains undetermined. 


Genus OMSICARPIUM gen. nov. 


Etymology.—This fruit genus is named for OMSI, 
the Oregon Museum of Science and Industry, recog- 
nizing the role of this museum in supporting this pro- 
ject. 

Type species.—Omsicarpium striatum sp. nov. 


Omsicarpium striatum sp. nov. 
Plate 52, figures 13-16 


Etymology.—Stria (L = furrow, line) referring to the 
striated endocarp surface. 

Description.— Fruit pyriform, more or less circular 
in cross section, base and apex rounded, unilocular; 
height 33.5 mm, width 20.0 mm: ornamented with 
prominent, sinuous, closely spaced longitudinal stria- 


tions, pericarp 2.4 mm thick, with an apparent lon- 
gitudinal suture on one side, anatomy and seed struc- 
ture not preserved. 

Specimen.— Holotype: OMSI Pb265. 

Discussion.—This specimen is preserved in calcite, 
without cellular details. The surface detail is well pre- 
served, and the specimen 1s clearly unilocular with a 
relatively thick wall. In general form it is similar to 
Pruniticarpa. 


Genus PASTERNACKIA gen. nov. 


Etymology.—Named for Ellen Pasternack recogniz- 
ing her assistance in collecting at the Nut Beds. 
Type species.—Pasternackia pusilla sp. nov. 


Pasternackia pusilla sp. nov. 
Plate 55, figures 1-4 


Etymology.—The epithet pusi//a (L = very little) re- 
fers to the small size of these seeds. 

Description.—Seed anatropous, ovoid, bilaterally 
symmetrical, nearly circular in transverse section, ta- 
pering gradually to the acute hilar/micropylar end, 
rounded-obtuse at the opposite end; length 1.1-1.2, 
avg. 1.1 mm (SD=0.05, n=5), width 0.7—0.8, avg. 0.74 
mm (SD=0.05, n=5); surface reticulate, formed by 16 
to 22 meridionally aligned rows of cells with thickened 
anticlinal walls, these cells four- to five-sided in surface 
view; the rows of cells along the raphal side (?) narrower 
than those over the rest of the seed surface. 

Specimens.— Holotype: UF 9604. Paratypes: UF 
9605-9608. 

Discussion.—Pasternackia seeds are preserved as 
small ovoid chalcedony casts with a distinctive retic- 
ulate surface formed by large, meridionally aligned seed 
coat cells (Pl. 55, figs. 1-4). There is a resemblance to 
seeds of Saurauria in the Actinidiaceae, but the me- 
ridional alignment of cells is more strongly asymmet- 
rical. The hilar end is damaged in each of the fossils 
so that the precise morphology of the hilum and mi- 
cropyle could not be determined. 


Genus PILEOSPERMA gen. nov. 


Etymology.—Pileos (Gr = cap) + spermum (Gr = 
seed) 
Type species.— Pileosperma minutum sp. nov. 


Pileosperma minutum sp. nov. 
Plate 55, figures 5-8 


Description.—Seed pyriform, bilaterally symmetri- 
cal, rounded basally and laterally, seed broadest near 
the base with the wall tapering gradually toward the 
pointed micropylar end, abruptly more tapered near 
the apex to form a broad-conical tip, seed length 2.5- 
3.2, avg. 2.7 mm (SD=0.25, n=6), width in plane of 
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symmetry 1|.2-1.8, avg. 1.5 mm (SD=0.20, n=6), width 
at right angles to plane of symmetry 1.0-1.4, avg. 1.3 
mm (SD=0.15, n=6); with a raised circular cap (cha- 
laza?) at the base facing ventrally, surface microreti- 
culate, made up of isodiametric polygonal cells 15-20 
um in diameter, sometimes with faintly superimposed 
impression of large meridionally arranged rectangular 
cells. 

Specimens.— Holotype: UF 6606. Paratypes: UF 
6425, 9588-9591; USNM 424784-424787. 

Discussion.—These small seeds are preserved as 
chalcedony casts with well preserved cell outlines on 
the surface (Pl. 55, fig. 7). The raised circular basal cap 
(Pl. 55, figs. 5, 8) that may represent the chalaza is a 
conspicuous feature of this fossil genus. This cap is 
sometimes detached, but is still evident because of the 
scar left behind (Pl. 55, fig. 6). There is no obvious 
raphe, but there commonly is a broad, shallow ventral 
groove leading between the base and apex. 


Pileosperma ovatum sp. nov. 
Plate 55, figures 9-11 


Description.—Seed pyriform, bilaterally symmetri- 
cal, pointed at the apical micropyle, rounded basally 
and laterally, broadest near the base, gradually tapered 
all the way to the apex, length 2.0-3.0, avg. 2.5 mm 
(SD=0.32, n=32), broadest width 1.5—2.2, avg. 1.9mm 
(SD=0.19, n=33), narrowest width 1.3-2.0, avg. 1.6 
mm (SD=0.16, n=33), with a raised circular cap (cha- 
laza?) at the base. Surface microreticulate, made up of 
isodiametric polygonal cells 23-35 um in diameter, 
sometimes with faintly superimposed impression of 
large meridionally arranged rectangular cells. 

Specimens.— Holotype: USNM 424751. Paratypes: 
UF 6420, 6422-6423, 6499, 9722, 9723. USNM 
424726, 424755, 424758, 424760, 424762, 424764, 
424766, 424767, 424769-424783, 424787. 

Discussion.— Although clearly congeneric with Pi- 
leosperma minutum, P. ovatum is distinguished by its 
broader shape, and by the uniform curvature of the 
lateral walls toward the apical tip. 


Genus PISTACHIOIDES gen. nov. 


Etymology.—Pistachia + oides (Gr = like, resem- 
bling), indicating the similarity to the common pista- 
chio nut. 

Type species.— Pistachioides striata sp. nov. 


Pistachioides striata sp. nov. 
Plate 54, figures 1-5 


Etymology.—Stria (L = furrow, line), referring to 
the striated surface of the endocarp. 

Description.— Fruit ovate in face view, nearly ellip- 
tical in lateral view, rounded-quadrangular in cross 


section, base rounded, apex pointed, bilaterally sym- 
metrical, unilocular, length 21-24 mm, width across 
plane of symmetry 10.7-13.6 mm, dorsiventral thick- 
ness 8.7-14.2 mm, witha keel in the plane of symmetry 
showing a suture line along which two valves were 
probably joined; endocarp wall thin (0.4 mm), com- 
posed of diagonally oriented fibers, attachment scar 
elliptical, elongate in the plane of symmetry. 

Specimen.— Holotype: USNM 422387. Paratype: UF 
6440. 

Discussion. — Pistachioides 1s represented by two en- 
docarp casts from the Nut Beds. The holotype (PI. 54, 
figs. 1-5) is replaced by chalcedony; the paratype is 
replaced by calcite. Characters of shape, size, keel and 
dehiscence plane coincident with the plane of sym- 
metry, diagonally oriented surface striations, and the 
attachment scar which 1s elongate in the plane of sym- 
metry, correspond closely to those of Pistacia vera, the 
commercial pistachio nut. The basal margin, as viewed 
laterally in the plane of symmetry, is oblique, as it 1s 
in Pistachia. | have hesitated to place it within this 
extant anacardiaceous genus because of the lack of cor- 
roborating anatomical details in the fossils. Internal 
anatomy is not preserved in the fossil specimens; the 
fossils, however, appear to have a fibrous outer layer, 
whereas the outer layer in Pistacia is formed by more 
or less isodiametric sclereids. 


Genus POLLOSTOSPERMA gen. nov. 


Etymology.— Pollostos (Gr = smallest, least) + sper- 
ma (Gr = seed), because these seeds are among the 
smallest from the Nut Beds. 

Type species.— Pollostosperma dictyum sp. nov. 


Pollostosperma dictyum sp. nov. 
Plate 56, figures 9-12 


Etymology.— Diktyon (Gr = net) referring to the re- 
ticulate surface of the seed. 

Description. —Seed laterally compressed, wide-ovate 
in lateral view, lensoidal in transverse section, bilat- 
erally symmetrical, length 1.1-1.3 mm, width 0.9-1.2 
mm, thickness across plane of symmetry 0.6—0.9 mm, 
with a keel in the plane of symmetry, rounded basally 
and pointed apically as viewed laterally; surface retic- 
ulate, with cells ca. 50 wm in diameter. 

Specimens.— Holotype: UF 9830. Paratypes: UF 
9831-9840, USNM 355448. 

Discussion.—This species is one of the more abun- 
dant seed types at the Nut Beds although it is easily 
overlooked in the field because of its small size. In 
many specimens the reticulate surface is damaged in 
the process of removal from the matrix. In sorting 
through numerous seeds of this type collected by Tho- 
mas Bones, however, a few specimens with well pre- 
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served external surface were found (e.g., Pl. 56, figs. 
9-12). The affinities are still unknown. 


Genus POLYGRANA gen. nov. 


Etymology.—Poly (Gr = Many) + granum (Gr = 
seed), referring to the large number of seeds within this 
fruit type. 

Type species.— Polygrana nutbedense sp. nov. 


Polygrana nutbedense sp. nov. 
Plate 56, figures 1-8 


Etymology.—The epithet refers to the Nut Beds lo- 
cality. 

Description.— Fruit a subovoid, prolate, multiseed- 
ed berry with slight irregular depressions and bulges, 
roughly circular in cross section, length 9.1-10.1 mm, 
equatorial diameter 6.1-8.4 mm, perianth hypogy- 
nous; scar forming a persistent circular flange at the 
fruit base; fruit surface smooth, with occasional fine, 
unbranched longitudinal fibrovascular bundles; uni- 
locular with many seeds; fruit wall ca. 0.4 mm thick, 
placentation apparently parietal, with seeds embedded 
in a tissue of parenchyma cells 50-240 um in diameter, 
and/or with groups of narrow parallel fibers. Seeds 
ovoid, 1.0 mm long by ca. 0.5 mm in equatorial di- 
ameter, orthotropous (?), seed coat 40-60 um thick 
with a conspicuous layer of about eight rows of anti- 
clinally flattened polygonal cells, embryo straight. 

Specimens.— Holotype: USNM 355493. Paratypes: 
UF 5665; 5673: 

Discussion.—Polygrana is known only from a few 
permineralized multiseeded berries. The thin exocarp 
appears to have been leathery, and the mesocarp pulpy, 
resulting in distorted, somewhat squashed specimens 
(e.g., Pl. 56, fig. 6). The placentation apparently is pa- 
rietal, although many of the seeds appear to be floating 
within parenchymatous tissue some distance from the 
margin (Pl. 56, figs. 5, 6). The number of carpels is 
uncertain. The fruits bear a resemblance to certain Fla- 
courtiaceae, including Banara. I have not found a 
modern genus with a seed coat of conspicuously flat- 
tened polygonal cells like that of this fossil (Pl. 56, fig. 
8). 


Genus PRUNITICARPA gen. nov. 


Etymology.— Prunus + ite (L, Gr = having the na- 
ture of) + Aarpos (Gr = fruit), referring to the general 
resemblance to extant Prunus. 

Type species.—Pruniticarpa cevallosii sp. nov. 


Pruniticarpa cevallosii sp. nov. 
Plate 56, figures 13-16; Plate 57, figure 20 


Etymology.—The epithet ceval/losii is named in rec- 
ognition of the contributions of Sergio Cevallos-Ferriz 
to fossil wood and fruit research. 


Description.—Endocarp subpyriform, nearly circu- 
lar in cross section, pointed apically and basally, bi- 
laterally symmetrical, unilocular, single-seeded, length 
39 mm, width 24 x 23 mm, surface rough, with a 
single low, rounded longitudinal ridge running from 
base to apex at the position of carpel closure in the 
plane of symmetry, endocarp wall 3.8—4.3 mm thick, 
composed of compact sclereids, grading from an inner 
layer of small isodiametric sclereids 20-38 um in di- 
ameter through a middle layer with anticlinally elon- 
gate cells 100-150 um long and 25-65 um wide, to the 
outer part with large rounded isodiametric cells 37-75 
um in diameter; locule lining loosely adherent to the 
endocarp, composed of a three- to five-seriate layer of 
small globose cells, 20-30 um in diameter, with a uni- 
seriate layer of scattered rectangular peg-like cells 40- 
50 «um in diameter. Locule cast rounded basally, point- 
ed apically with a longitudinal keel corresponding to 
the dehiscence line, 25.7 mm long, 7.7 mm wide. 

Specimens.— Holotype: UF 9209. Paratypes: USNM 
355194, 446087. 

Discussion.— This large unilocular endocarp is known 
from only a few well preserved specimens. The holo- 
type was sectioned transversely, showing the thick en- 
docarp wall, nearly circular outline of the endocarp 
and locule and plane of dehiscence (Pl. 56, fig. 15). 
Although it resembles Prunus in having a thick-walled, 
woody, unilocular endocarp and plane of dehiscence 
running longitudinally on only one side of the fruit, I 
have not observed any extant species of Prunus with 
endocarps that are circular in cross section. 


Genus PTERONEPELYS gen. nov. 


Etymology.—Pteron (Gr = wing) + epelys (Gr = 
stranger). 
Type species.— Pteronepelys wehrii sp. nov. 


Pteronepelys wehrii sp. nov. 
Plate 57, figures 1-3; Text-figure 20 


Etymology.—The species is named in honor of Wes- 
ley Wehr, who has provided excellent comparative ma- 
terial of this taxon from the Republic flora, Washing- 
ton. 

Description.—Samara consisting of a laterally flat- 
tened, ovoid endocarp with an elongate, more or less 
elliptical wing; samara length 10.0-13.9 mm, width 
3.7-4.3 mm; endocarp length 3.5—4.5 mm, width 2.6- 
3.0 mm, thickness ca. 2—2.5 mm; wing with a straight 
to slightly convex upper margin and a convex lower 
margin joined distally in an acute angle, three longi- 
tudinal veins arising from the nutlet, joining at the 
distal tip of the wing: a thick vein closely following the 
upper margin of the wing, another thick vein situated 
between the midline of the wing and the upper wing 
margin, and a thin vein following the lower margin 
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situated between the lower margin and midline of the 
wing; apex of nutlet, opposite the wing attachment, 
giving rise to four (or five?) stout sepals 1.5 mm high 
and 1.5 mm wide with rounded apices, and two central 
style arms. 

Specimens.— Holotype: OMSI Pb1018. Paratypes: 
OMSI Pb1381, Nut Beds; UF 11696, Clarno White 
Cliffs locality, UWBM 36963, 36966, 36976, 36977, 
54650, Republic flora. 

Discussion.— This species is represented in the Nut 
Beds by a few specimens preserved as impressions in 
siltstone from the leaf layer of Face 3 (Pl. 57, figs. 1, 
2). Although it has not been described previously, the 
same species is also known from the Clarno White 
Cliffs locality (Pl. 57, fig. 3) and from the Middle Eo- 
cene Republic flora of northeastern Washington (Wolfe 
and Wehr, 1987). Details of the sepals and styles are 
more clearly preserved in the specimens from Repub- 
lic. 

Superficially, Pteronepelys fruits resemble those of 
Cedrelospermum (cf. Pl. 43, figs. 16-18); however, 
Pteronepelys is distinguished by fewer veins in the wing, 
by the lack of a secondary wing, and the position of 
the perianth relative to the wing. The sepals protrude 
from the opposite side of the nutlet from the wing. 
From the orientation of the styles and perianth, it ap- 
pears that the pedicel attachment was at the other end 
of the fruit, at the tip of the wing (Text-fig. 20). 


Genus PULVINISPERMA gen. nov. 


Etymology.—Pulvinis (L = cushion, pad, pillow) + 
spermum (Gr = seed). 
Type species.— Pulvinisperma minutum sp. nov. 


Pulvinisperma minutum sp. nov. 
Plate 57, figures 4-8 


Etymology. — Minutus (L = small, little), referring to 
the seed size. 

Description.—Seed more or less pillow-shaped, bi- 
laterally symmetrical, laterally compressed with a keel 
in the plane of symmetry, rounded-rhomboidal in lat- 
eral view, more or less lensoidal in face view and in 
cross section, length 0.9-1.3, avg. 1.1 mm (SD=0.13, 
n=10), width in plane of symmetry 0.7-0.8, avg. 0.76 
mm (SD=0.05, n=10), thickness across the plane of 
symmetry 0.5-0.7, avg. 0.56 mm (SD=0.07, n=10), 
rounded basally and apically, hilum and elliptical scar 
in the plane of symmetry at the junction of the apical 
and ventral margins; pointed, micropylar projection 
on the opposite side from the hilum at the junction of 
the apical and dorsal margins. 

Specimens.—Holotype: UF 9740. Paratype: UF 
9741-9743, 9841-9850. 

Discussion.—This species is represented by numer- 
ous small chalcedony seed casts. Salient features in- 
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Text-figure 20.—Pteronepyles wehrii gen. et sp. nov. 


clude the rhomboidal outline in lateral view and keel 
in the plane of symmetry. The affinities remain un- 
known. 


Genus PYRISEMEN gen. nov. 


Etymology.—Pyrum (L = pear) + semen (L = seed), 
referring to the pear-like shape of the seed. 
Type species.—Pyrisemen attenuatum sp. nov. 


Pyrisemen attenuatum sp. nov. 
Plate 57, figures 9-12 


Etymology.—Attenuatus (L = drawn out, tapered), 
referring to the narrowed seed apex. 

Description.—Seed/achene pyriform, asymmetrical, 
attenuate-pointed apically, rounded basally, laterally 
flattened, elliptical in cross section, length 2.4—4.3, avg. 
3.1 mm (SD=0.58, n=9), width 1.2-3.5, avg. 1.3 mm 
(SD=0.91, n=9), thickness 1.8-2.3, avg. 2.1 mm 
(SD=0.19, n=9); base with a recessed circular scar, 0.8-— 
1.0 mm in diameter, surface smooth. Inner body sim- 
ilar in shape to outer surface, forming a silhouette in 
translucent specimens. 

Specimens.— Holotype: UF 6463. Paratypes: UCMP 
10626-10629, UF 6400-6404, 6464-6466, USNM 
355373, 355419 (6 specimens), 435049, 435059. 

Discussion.—This species is usually preserved in 
white or translucent chalcedony. Although internal cell 
structure has not been preserved, some specimens show 
the silhouette of an internal seed coat in transmitted 
light (Pl. 57, figs. 11, 12). Possibly they are achenes 
tapering apically toward the style with the circular scar 
representing the pedicel attachment. Alternatively, they 
may represent bitegmic seeds with a circular basal hi- 
lum tapering toward the micropyle. Seeds that are at 
least superficially similar occur in the Flacourtiaceae, 
e.g., Oncoba. 


Genus QUINTACAVA gen. nov. 


Etymology.— Quinta (L = five) + cavus (L = hollow, 
hole), referring to the five prominent locules of the 
fruit. 

Type species.—Quintacava velosida sp. nov. 
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Quintacava velosida sp. nov. 
Plate 57, figures 13-19; Text-figure 21 


Etymology.— Velo (L = cover, conceal) + sidus (L 
= star) referring to the star-shaped locule arrangement 
as seen in transverse section. 

Description.— Fruit pentacarpellate, rounded-ob- 
conical, broadest basally, base more or less flat, with 
a circular pedicel scar in the center, apex rounded; 
length 6.9 mm, width 7.0-7.8 mm; central axis vas- 
cularized by a thin strand; five radially arranged, slen- 
der, elongate locules that are lanceolate in cross section 
alternating with large lacunae that are more or less 
triangular in cross section; lacunae occupying up to 
five times as much area as the locules, each locule 
separated from the adjacent lacuna by a thin wall, 0.15 
mm thick, composed of five to twelve rows of axially 
oriented fibers 6-10 wm in diameter with scattered 
vertical resin or gum ducts, these ducts circular in cross 
section, 12—25 um in diameter; locule lining composed 
of a uniseriate layer of fibers varying in orientation 
from nearly horizontal near the fruit axis to nearly 
vertical toward the periphery of the fruit; outer wall of 
fruit 0.56 mm thick composed of isodiametric paren- 
chyma cells, 40-60 wm in diameter; seeds not ob- 
served. 

Specimen.— Holotype: USNM 424805. 

Discussion.— This species 1s represented by a single 
well-preserved specimen. In cross section the arrange- 
ment of locules resembles a five-rayed star (Pl. 57, fig. 
16). The anatomy of the septa, with vertically oriented 
fibers and conspicuous longitudinal ducts (Pl. 57, figs. 
17, 18) are distinctive for this species. The outer wall 
of the fruit was soft or spongy, made up of parenchyma 
(Pl. 57, fig. 19) and the hard, fibrous wall around each 
of the locules appears to have functioned as a pyrene 
with dorsal dehiscence; indeed, two of the locules have 
split along their midline on the distal side (Pl. 57, fig. 
16). The number and arrangement of locules is con- 
sistent with fruits of the Maloideae subfamily of the 
Rosaceae (Rohrer et al., 1991); however, the affinities, 
whether in the Rosaceae or elsewhere, remain to be 
determined. 


Genus SAMBUCUSPERMITES gen. nov. 


Etymology.—Sambucus + spermum (Gr = seed) + 
ites (Gr = like, having the nature of). 
Type species. —Sambucuspermites rugulosus sp. nov. 


Sambucuspermites rugulosus sp. nov. 
Plate 58, figures 10-14 


Description.—Seed small, elliptical to obovate in face 
view, slightly tapered toward the hilum, rounded at 
the opposite end, dorsiventrally flattened, sometimes 
concave ventrally and convex dorsally, length 1.2-1.5, 


avg. 1.4 mm (SD=0.12, n=5), width 0.9-1.2, avg. 1.0 
mm (SD=0.11, n=5), thickness 0.4—-0.5, avg. 0.46 mm 
(SD=0.05, n=5); surface with irregular, wavy horizon- 
tal rugulae, six to seven rugulae from base to apex. 

Specimens.— Holotype: UF 6424. Paratypes: OMSI 
PB1716 (3 specimens), UF 6396-6399, 6426-6428, 
USNM 353980 (4 specimens). 

Discussion.— This species 1s preserved as small si- 
licified seeds, readily recognized by the ovate to ellip- 
tical shape, prominent horizontal rugulae (PI. 58, figs. 
10-14) and dorsiventral compression (Pl. 58, fig. 14). 
The seeds resemble those of modern Sambucus in gen- 
eral morphology and outline of surface, including the 
rugulate sculpture and the small circular aperture at 
the hilum. Sambucuspermites differs from extant spe- 
cies of Sambucus, however, in its small size (modern 
species are about 3 mm long), and fewer rugulae. Seeds 
of the Recent species S. nigra L., S. ebulus L., S. puch- 
ella, with which the fossil was compared, are more 
elongate in outline and have more rugulations than the 
fossil. Internal anatomy of the fossils was not observed. 
The name Sambucuspermites indicates the morpho- 
logical similarity to Sambucus seeds, but does not nec- 
essarily imply a close relationship. 


Genus SCABRAECARPIUM gen. nov. 


Etymology.—Scabra (L = rough, scabby) + karpos 
(Gr = fruit). 
Type species. —Scabraecarpium clarnense sp. nov. 


Scabraecarpium clarnense sp. nov. 
Plate 59, figures 1-7 


Etymology.—The epithet refers to the Clarno For- 
mation. 

Description.— Fruit ovoid to obovoid, circular to el- 
liptical in cross section, unilocular, base and apex 
rounded to obtuse-pointed, sometimes with a large 
circular recessed scar at base, fruit length 32.0-43.5, 
avg. 37.3 mm (SD=3.92, n=7), minimum width 23.0- 
28.5, avg. 26.3 mm (SD=2.19, n=8), maximum width 
26.4-34.5 avg. 31.4 mm (SD=4.36, n=8), surface warty, 
woody to abraded; wall thick (4.5-10.5 mm) consisting 
of three layers: 1) an inner layer of radially arranged 
files of anticlinally elongate rectangular thin-walled cells 
15-50 wm wide, 50-250 um high, successively wider 
cells occur distally, 2) middle layer of thicker-walled 
cells, also anticlinally elongate and arranged in radial 
files, cells rectangular, 30-75 wm wide, 50-150 um 
high, 3) outer layer of isodiametric parenchyma cells 
50-70 um in diameter; fibrovascular bundles 300—400 
um in diameter common, running obliquely with sin- 
uous course through the middle layer and vertically 
through the outer parenchyma layer; locule circular to 
elliptical in cross section, 8—11 mm in diameter. 
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Text-figure 2 1.— Quintacava velosida gen. et sp. nov., fruit in trans- 
verse section showing five locules, large lacunae, and relatively thick 
outer wall. 


Specimens.— Holotype: USNM 355066. Paratypes: 
UF 8481, 8482, USNM 354200, 354201, 354385, 
354421, 354667, 422397, 424811. 

Discussion.—Scabraecarpium is a thick-walled uni- 
locular fruit type that is among the larger fruit types 
from the Nut Beds. The fruit wall is usually permi- 
neralized, and appears to have had a woody texture. 
Specimens vary from circular (Pl. 59, figs. 2, 5) to 
elliptical (Pl. 59, figs. 4, 6) in cross section. The fruit 
wall is similar in the anticlinal arrangement of fibers 
to that of Ligniglobus (P|. 53, figs. S—8); however, these 
fruits have a scabrate to verrucate surface texture, and 
the pericarp is composed of wider files of cells and has 
abundant large fibrovascular bundles in the pericarp 
(Pl. 59, fig. 7). Woody, unilocular fruits with abundant 
fibrovascular bundles occur in the Palmae. A detailed 
comparative survey has not been completed. 


Genus SCALARITHECA gen. nov. 


Etymology.—Scalaris (L = of a ladder) + thecium 
(L = case). 
Type species.—Scalaritheca biseriata sp. nov. 


Scalaritheca biseriata sp. nov. 
Plate 58, figures 1-9 


Etymology.— Bi (L = two) + series (L = row, suc- 
cession), referring to the two rows of seeds. 

Description.—Fruit ellipsoidal, bilaterally symmet- 
rical, rounded apically and basally, length 4.7-6.0, avg. 
5.0 mm (SD=0.55, n=7), width 3.0-3.4, avg. 3.1 mm 
(SD=0.2, n=4), thickness 2.8-4.2, avg. 3.6 mm 
(SD=0.57, n=5), fruit bilocular with a thick (0.8—1.0 
mm) median hollow septum separating two rows of 
elongate seeds oriented with their long axes perpen- 
dicular to the long axis of the fruit; fruit wall smooth, 
0.3-0.4 mm thick, without obvious sclerenchyma; sep- 
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Text-figure 22.—Scaphicarpium radiatum gen. et sp. nov., fruit in 
transverse section showing mesocarp (grey), endocarp (black), with 
a large placentae and central seed. 


tum rounded ventrally, thickening toward one end; 
seeds elongate, somewhat curved (concave against the 
septum), subcircular to oval in cross section, 2.0—2.4 
mm long, 0.5-0.9 mm wide. 

Specimens.— Holotype: UF 5674. Paratypes: UF 
6107, 6281, 8779, 8780, 9603, USNM 355680, 422530, 
435087. 

Discussion.—These silicified structures are inter- 
preted as bilocular fruits with two rows of elongate 
seeds. The familial affinities, however, remain uncer- 
tain. The rows of seeds are visible both in longitudinal 
sections (Pl. 58, figs. 2-4) and in fractured specimens 
(Pl. 58, figs. 1, 6-9). The possibility was considered 
that this species might represent sporocarps of the fern 
Marsilea, with the elongate bodies representing spo- 
rangia, rather than seeds. However, thin sections failed 
to reveal any spores, and the anatomy of the sporangial 
walls in Marsilea, with anticlinally arranged cells, is 
unlike that of the seed coats in this fossil, which have 
periclinally arranged cells. The possibility also exists 
that the fruit-like organ may represent an insect egg 
case, and that the ellipsoidal structures are eggs rather 
than seeds. A throrough comparative check of extant 
insect egg cases was not included in this study. 


Genus SCAPHICARPIUM gen. nov. 


Etymology.—Skaphe (Gr = hollowed out like a boat) 
+ karpos (Gr = fruit), referring to the boat-shaped 
locule casts of this fruit. 

Type species.—Scaphicarpium radiatum sp. nov. 


Scaphicarpium radiatum sp. nov. 
Plate 59, figures 8-17; Text-figure 22 


Etymology.—The epithet radiatum refers to the 
manner in which fruits radiate from the peduncle. 

Description.—Infructescence a globose head of about 
twenty sessile fruits, head measuring 20 mm in di- 
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ameter; fruit unilocular, single-seeded, ellipsoidal, with 
rounded base and apex, about twice as long as wide, 
circular in transverse section, length 4.7-7.2, avg. 5.5 
mm (SD=0.87, n=8), width 2.6-3.3, avg. 2.7 mm 
(SD=0.80, n=8), thickness 1.9-2.6, avg. 2.2 mm 
(SD=0.28, n=7); pericarp composed of four layers: 1) 
main part of the endocarp wall 200 um thick, com- 
posed of fibers 10-30 um in diameter and more than 
100 um long that are arranged in tracts ranging from 
longitudinal to transverse in orientation; 2) uniseriate 
outer layer of the endocarp, composed of rectangular 
cells 50 wm high, 20-30 um wide; 3) mesocarp 300- 
450 um thick, composed of rounded thin-walled iso- 
diametric to somewhat elongate parenchyma cells typ- 
ically 30-60 um in diameter, without ducts or obvious 
vascular tissue; 4) exocarp not preserved. Locule cast 
boat-shaped, rounded-basally, pointed apically, con- 
vex dorsally, concave ventrally, smooth, without a me- 
dian keel, with a prominent circular placental scar cen- 
tral on the ventral face. 


Specimens.—Holotype: USNM 312750 (Bones, 
1979, pl. 6, fig. 5). Paratypes: UF 9523, 9525, USNM 
355368, isolated endocarps; UF 5238 (Bones, 1979, 
pl. 6, fig. 3), 6322, 6324, 6328, 6334, 6359-6363, 
USNM 355458 (2 specimens), 355460 (7 specimens), 
424701, 424731, 446056, 446061, locule casts. 

Discussion.—Scaphicarpium occurs in the Nut Beds 
as permineralized fruits and isolated locule casts. The 
holotype is a silicified infructescence in siltstone matrix 
fractured and showing four attached fruits, plus the 
attachment scars of five more (PI. 59, fig. 8). Although 
much of the infructescence is hidden with sediment, 
it may be estimated that the full head bore about twenty 
fruits. One fruit from this specimen was removed to 
reveal the locule cast (Pl. 59, figs. 9-12), and was sec- 
tioned transversely (Pl. 59, fig. 13), enabling recogni- 
tion of detached endocarps and locule casts, which are 
relatively common in the Nut Beds. Some of the 1so- 
lated specimens proved to be well preserved anatom- 
ically, and revealed anatomy of the endocarp and me- 
socarp (PI. 59, fig. 14-16). 

The boat-shaped locule casts (Pl. 59, figs. 9-13, 17) 
bring to mind Menispermaceae; however, the lack of 
a median keel, and the central, rather than subapical, 
placenta excludes this family. Cantleyva in the Icaci- 
naceae also has boat-shaped locules, but the endocarp 
in this genus 1s two-valved, whereas that of the fossil 
is undivided. I have also considered a possible rela- 
tionship to the Cornales. Fruits in this order are com- 
monly clustered, may be unilocular, and sometimes 
have a boat-shaped locule cast (e.g., Mastixia). How- 
ever, the prominent centrally positioned circular pla- 
cental scar (PI. 59, fig. 17) and apparent lack of a de- 
hiscence valve is inconsistent with the mastixioids. 


Genus SPHAEROSPERMA gen. nov. 


Etymology.—Sphaero (Gr = ball) + spermum (Gr 
= seed). 
Type species.—Sphaerosperma riesii sp. nov. 


Sphaerosperma riesii sp. nov. 
Plate 58, figures 15-17 


Etymology.—The epithet recognizes the contribu- 
tions of John and Brian Ries to paleobotanical field 
work in the Clarno Formation. 

Description.— Fruit spherical, 24.6—28.5 mm in di- 
ameter, surface smooth, pericarp 1.2—-1.4 mm thick 
and composed of: |) a locule lining about 100 um thick 
of thick-walled rectangular to columnar sclereids, typ- 
ically oriented with their long axes anticlinal and 2) a 
thick layer of rounded, elongate interdigitating cells 
profusely pitted with elliptical pits where they contact 
each other, with intracellular spaces; seed coat thin, 
embryo with two large hemispherical cotyledons. 

Specimens.— Holotype: UF 9746. Paratype: UF 
9599. 

Discussion. — Sphaerosperma is represented by two 
specimens, both of which are embedded in hard tuff- 
aceous matrix so that the outer shape is apparent only 
by fractures and sections (Pl. 58, figs. 15, 16). The 
holotype appears to show two hemispherical cotyle- 
dons. It is similar in shape and size to Coryloides, but 
has a smooth, rather than ribbed outer surface, lacks 
the cupule scar, and has a wall that is anatomically 
preserved, evidently more resistant to decay than that 
of Coryloides. The interdigitating cells composing the 
endocarp wall resemble those of Palaeophytocrene (cf. 
Pl. 58, fig. 17 and Pl. 20, fig. 5), but whether this is an 
indication of Icacinaceous affinity, or simply a case of 
convergence, or has not been determined. 


Genus SPHENOSPERMA gen. nov. 


Etymology.—Spheno (Gr = wedge) + spermum (Gr 
= seed). 
Type species. —Sphenosperma baccatum sp. nov. 


Sphenosperma baccatum sp. nov. 
Plate 60, figures 7-10; Text-figure 23 


Etymology—The epithet is derived from bacca (L = 
berry). 

Description.—Fruit subglobose, prolate, circular in 
cross section, length 13 mm (est.), equatorial diameter 
9.2 mm, surface smooth, unilocular with three partial 
septa 200-500 u thick extending from the periphery of 
the fruit almost to the central axis, without an obvious 
central column, and with six radially arranged wedge- 
shaped seeds (five fully developed, one small); pericarp 
200-300 uw thick, of two layers: 1) the inner '4 to 2 
with horizontally oriented fibers 15-25 um wide, 2) 
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the %4 to '2 with anticlinally oriented fibers 12-15 um 
wide. Seeds nearly triangular in cross section, with a 
convex dorsal surface and straight ventral sides that 
meet at 65-85°, with a “swelling” along the ventral 
side containing the raphe, seed height similar to that 
of fruit, width 3.3—4.2 mm, dorsiventral thickness 3.3- 
4.2 mm; seed coat 200 um thick consisting of two 
layers: 1) the inner layer five- to seven-seriate, com- 
posed of rounded more or less isodiametric cells 20- 
50 um in diameter, 2) the outer layer uniseriate, com- 
posed of large, columnar, anticlinally oriented cells 80- 
120 um high, 25—45 um wide with concave outer walls, 
giving the outer surface of the seeds a scalloped ap- 
pearance. 

Specimen.— Holotype: UF 5666. 

Discussion.—Sphenosperma 1s known from a single 
specimen that was exposed in fracture planes through 
indurated siltstone, so that the exterior surface could 
not be photographed directly. The pieces were glued 
together so that the fruit could be sectioned transverse- 
ly (Pl. 60, figs. 7-10). Successive serial sections re- 
vealed the morphology described above. 

Important features of this taxon include the three 
septa (suggesting a tricarpellate fruit) and the wedge- 
shaped seeds with the punctate surfaces due to col- 
lapsed external walls of the outer layer of seed coat. I 
suspect that the number of seeds per fruit was variable 
in this species. In this specimen there are three seeds 
(including one that is abortive) between two adjacent 
septa, but only two and one seed are situated, respec- 
tively, between the other two pairs of adjacent septa. 


Genus STOCKEYCARPA gen. nov. 


Etymology.—This genus is named for Ruth A. 
Stockey, recognizing her contributions to paleobotany. 
Type species.—Stockeycarpa globosa sp. nov. 


Stockeycarpa globosa sp. nov. 
Plate 60, figures 11-14 


Etymology.— Globus (L = ball), referring to the fruit 
shape. 

Description.— Fruit spherical, unilocular, base and 
apex rounded, 6.8 mm in diameter, smooth-walled; 
inner layer composed of anticlinally elongate columnar 
cells 40-45 wm high, 6-8 um wide, middle layer 400- 
500 um thick composed of parenchyma apparently with 
intracellular spaces, outer preserved layer 300 um thick, 
uniseriate, composed of anticlinally oriented fibers 300 
um high, 25-38 wm wide. 

Specimen.— Holotype: UF 9747. 

Discussion.— Stockeycarpa is represented by a single 
specimen in the Nut Beds. Although the seed is not 
preserved, the fruit anatomy is distinctive with the two 
layers of anticlinally elongate cells separated by a pa- 


Text-figure 23.—Sphenosperma baccatum gen. et sp. nov., trans- 
verse section of the fruit showing six seeds (one small, perhaps abor- 
tive), and three intruding partial septae. 


renchymatous mesocarp (PI. 60, figs. 13, 14). Another 
specimen that appears to be virtually identical mor- 
phologically and anatomically has been recovered in 
the Eocene Princeton Chert of British Columbia (Cev- 
allos-Ferriz, pers. comm., 1992). 


Genus STRIATISPERMA gen. nov. 


Etymology.—Stria (L = line, furrow) + sperma (Gr 
= seed). 

Type species.—Striatisperma coronapunctatum sp. 
nov. 


Striatisperma coronapunctatum sp. nov. 
Plate 60, figures 1-6 


Etymology.— Corona (L = crown) + punctum (L = 
small hole, dot). 

Description.—Seed globose to ellipsoidal, some- 
times unevenly contorted or compressed, typically cir- 
cular in cross section, rounded apically and basally, 
length 4.1-9.6 (-14.0) , avg. 6.1 mm (SD=1.45, n=59), 
equatorial diameter 2.7-8.5 (-11.2), avg. 5.7 mm 
(SD=1.20, n=58), with a circular scar at base and a 
small projection at the apex encircled by a cycle of 
about ten small circular to elliptical protrusions or de- 
pressions 60-100 um in diameter, surface prominently 
striate with longitudinal rows of rectangular cells 8-11 
um in diameter, outer striate layer sometimes partially 
broken away and revealing another similarly striate 
surface with the same cell pattern. Sometimes with 
funicle or placental strands linking two or more seeds. 

Specimens.— Holotype: USNM 424694. Paratypes: 
OMSI Pb271, UCMP 10624, 10625, UF 6325, 6335, 
6455, 8700-8727, 8809-8815, 9211, 9212, USNM 
355053 (3 specimens), 355054 (2 specimens), 355064— 
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355068, 355069 (4 specimens), 355070 (5 specimens), 
355071, 355633, 422385, 424695, 424696, 424873, 
435055, 435056. 

Discussion. — Striatisperma seeds are relatively com- 
mon at the Nut Beds. They are distinctive because of 
the outer surface of longitudinally aligned rows of square 
to rectangular cells (Pl. 60, figs. 1-6), and the ring of 
circular protrusions or scars surrounding the apex. The 
function of the circular scars is not known. Although 
typically more or less ellipsoidal and about 6 mm long, 
the seeds are variable in shape and size, some speci- 
mens being more than a centimeter in length. One 
specimen, UF 6455, is particularly large, 14.0 mm 
long, 10.0 x 11.2 mm wide. Although some examples 
have been sectioned and some are broken, no internal 
tissue has been observed beneath the two outer layers 
of longitudinally aligned cells. One specimen shows 
two silica seed casts partially embedded in matrix, 
linked by the silica cast of a bent, cylindrical funicle 
or placental strand (PI. 60, fig. 5). 


Genus TENUISPERMA gen. nov. 


Etymology.—Tenuis (L = thin) + spermum (Gr = 
seed), referring to the thinness of the seed. 
Type species.— Tenuisperma ellipticum sp. nov. 


Tenuisperma ellipticum sp. nov. 
Plate 61, figures 1-9 


Etymology.— Ellipsis (L = a defective circle; ellipse) 
referring to the seed outline. 

Description.—Seed elliptical in face view, dorsiven- 
trally flattened and somewhat sinuous or wavy, base 
rounded, apex pointed: length 6.3, 10.5 mm, width 
5.5, 7.2 mm, thickness 2.0, 2.0 mm, seed coat smooth, 
250 um thick, with an inner uniseriate layer of anti- 
clinally elongate columnar cells 120-140 um high, 30- 
60 um wide and an outer three- to four-seriate layer 
composed of isodiametric sclereids, 30-40 um in di- 
ameter; lateral margin with a grooved ridge extending 
from a point 2 mm from the apex on one side around 
the base and up to the position near the apex on the 
opposite margin of the seed. 

Specimens.— Holotype: UF 6108. Paratype: UF 
9528. 

Discussion.— Tenuisperma seeds are preserved as 
white chalcedony seed casts. A ridge on the lateral 
margin has a median groove passing from near the 
apex on one side, over the base and to near the apex 
on the opposite margin of the seed. This groove ter- 
minates just prior to the top of the ridge, giving the 
appearance of a doubled, U-shaped structure (Pl. 61, 
fig. 4). This structure may represent the edges of the 
two cotyledons that are planar and closely adpressed 
to one another. Thus the seed is exalbuminous, filled 
by the embryo. 


Genus TIFFNEYCARPA gen. nov. 


Etymology.—Tiffney + karpos (Gr = fruit). The ge- 
nus is named in honor of Bruce H. Tiffney, paleocar- 
pologist. 

Type species.—Tiffneycarpa scleroidea sp. nov. 


Tiffneycarpa scleroidea sp. nov. 
Plate 62, figures 1-7 


Etymology.—Skleros (Gr = hard, tough), referring 
to the woodiness of the fruit. 

Description.— Fruit subglobose, prolate, loculicidal 
capsule; base bluntly rounded with a central depression 
0.95 mm in diameter; apex unknown, length 13 mm, 
equatorial diameter 9.5 mm; surface with longitudinal 
ribs and grooves, fruit woody, thick-walled with ten 
radially fused carpels and eight developed locules, each 
with a single seed; central axis with about ten vascular 
bundles alternating with the locules; locules vertically 
elongate, up to ca. 8 mm high, 0.8-1.3 mm wide, |.7- 
2.3 mm dorsiventral dimension, locule lining unise- 
riate, composed of fibers 15—20 um in diameter; en- 
docarp composed mostly of equiaxial sclereids with 
undulating margins, 50-80 um in diameter; radial 
planes of dehiscence formed by smaller sclereids ra- 
diating from the central axis and bisecting each locular 
area; exocarp (or possibly mesocarp) forming a band 
400-500 um thick of anticlinally oriented polygonal 
cells of variable size 40-120 um radial dimension, 30— 
80 um wide. Seeds attached to the ventral margin of 
the locule near the apex, embryo straight. 

Specimen.— Holotype: USNM 355645. 

Discussion. — Tiffneycarpa 1s known only from a sin- 
gle specimen that shows evidence of predepositional 
waterwear (PI. 62, figs. 1-3). It is partially broken and 
replaced with silicified sandstone. Although the apex 
is missing, anatomical preservation is excellent, as seen 
in serial transverse thin sections (Pl. 62, figs. 4-7). 

Distinctive features of this fruit are the woodiness, 
ten carpels, subapical axile placentation, and loculi- 
cidal planes of dehiscence (or carpel fusion) that extend 
fully from the axis to the endocarp periphery (PI. 62, 
figs. 5-7). The morphology and anatomy are reminis- 
cent of the extinct genera Wetherelia and Palaeoweth- 
erelia (see Mazer and Tiffney, 1982). However, these 
genera have both loculicidal and septicidal dehiscence. 


Genus TRIGONOSTELA gen. nov. 


Etymology.—Trigono (Gr = triangular) + stele (Gr 
= column). 
Type species.— Trigonostela oregonensis sp. nov. 


Trigonostela oregonensis sp. nov. 
Plate 61, figures 10-18 


Etymology.—The epithet refers to Oregon. 
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Description.—Fruit elongate, tricarpellate, trisym- 
metrical with three planes of symmetry intersecting in 
the long axis, lateral walls disposed in a trigonal pris- 
matic pattern, trigonal in cross section, oblong in lon- 
gitudinal view, apex pointed, base blunt, length of 
complete fruit 5.5—6.1, avg. 5.8 mm (SD=0.28, n=4), 
width 2.6-2.9, avg. 2.7 mm (SD=0.13, n=4); length 
of locule cast 4.8-5.4, avg. 5.2 mm (SD=0.32, n=3), 
width 1.7—2.0, avg. 1.9 mm (SD=0.17, n=3); three 
lateral faces joining to form longitudinal ribs, each of 
the three faces with a median groove corresponding to 
the position of a septum. 

Specimens.— Holotype: USNM 424671. Paratypes: 
UF 6297, USNM 354599, 355643, 424672-424675, 
435042. 

Discussion.— Trigonostela is represented by silica 
casts and partial permineralizations. The elongate tri- 
gonal form of this fruit (Pl. 61, figs. 10-16) is very 
distinctive; however, the affinities have not been de- 
termined. One of the specimens sectioned transversely 
shows three septa that intrude inward, but which do 
not intersect, indicating a unilocular fruit (Pl. 61, fig. 
17). Another specimen that was sectioned transversely 
appears to be composed of radiating fibers with poorly 
developed locules (Pl. 61, fig. 18). The anatomy and 
number of seeds per locule are not known. 


Genus TRIPARTISEMEN gen. nov. 


Etymology.—Tripart (three-parted) + semen (L = 
seed). 
Type species.—Tripartisemen bonesii sp. nov. 


Tripartisemen bonesii sp. nov. 
Plate 62, figures 8-15 


Etymology.—This species is named after Thomas J. 
Bones, who collected most of the specimens. 

Description.—Seed subglobose, bilaterally symmet- 
rical, dorsal surface rounded, ventral side with two 
facets joining at ca. 110° to form a median longitudinal 
crest in the plane of symmetry; with a pair of longi- 
tudinal keels formed at the junction of the ventral fac- 
ets with the dorsal surface (In cross section subtrian- 
gular with a rounded dorsal side and a pair of straight 
ventral sides); base rounded, with a small circular hilar 
scar, apex pointed; seed length 2.8-4.4, avg. 3.5 mm 
(SD=0.41, n=31), width across plane of symmetry 2.6— 
4.3, avg. 3.4 mm (SD=0.43, n=31), thickness 2.1—3.5, 
avg. 2.8 mm (SD=0.35, n=20); seed coat smooth, sep- 
tum 100-200 um thick, Y-shaped, dividing the seed 
into three chambers: a pair of large, apparently empty, 
lateral chambers and a slender median, dorsal embryo 
chamber; embryo chamber sickle-shaped, curved in 
the plane of symmetry, with a flattened, rounded-tri- 
angular facet at the base, possibly the chalaza or a 
germination valve; septum formed of small isodia- 


metric cells 12—20 um in diameter, with an outer layer 
of cuboidal to rhomboidal thin walled cells 8-10 um 
thick. 

Specimens.— Holotype: UF 9288. Paratypes: UCMP 
10741-10742, UF 9289-9316, 9577, 9578, 9734 (100 
in lot), USNM 354484 (4 specimens), 354485 (18 spec- 
imens), 354486 (84 specimens), 354487 (4 specimens), 
354488, 355688 (in matrix), 355395 (14 specimens), 
355445 (5 specimens), 355688 in matrix. 

Discussion. — Tripartisemen bonesii is one of the most 
abundant species in the Nut Beds, yet it is not known 
from other localities of the Clarno Formation or else- 
where in North America. It is often preserved as casts 
of the three chambers which may easily fall apart when 
the specimen is exposed. Permineralized seeds have 
been sectioned to reveal anatomy of the walls and septa 
(Pl. 62, figs. 14, 15). Sometimes the lateral chambers 
are filled with sediment, suggesting that they were orig- 
inally empty, but had ruptured. The central chamber 
is generally filled with translucent silica, not clastic 
sediment, and in at least one instance (PI. 62, fig. 15), 
preserves an embryo. 

Collinson (1988) illustrated this type of seed both 
from the Nut Beds and from the Eocene of Messel, 
Germany. Although the well-preserved, lignitized 
Messel specimens differ in the nature of their preser- 
vation from the silicified Clarno seeds, the morphology 
appears to be identical. Collinson (1988 and work in 
progress) suggests possible lythraceous affinities for this 
genus. 7ripartisemen resembles the extinct lythraceous 
genus Mneme Eyde in symmetry and presence of a 
median and two lateral chambers. However, there are 
a number of differences, including that /neme seeds 
are about half as large, the embryo chamber is larger 
than the lateral chambers, and the lateral chambers are 
relatively thick-walled and are open along median slits 
(Friis, 1985). 


Genus TRIPLASCAPHA gen. nov. 


Etymology.—Tripla (L = triple) + scapha (L = small 
boat), referring to the three boat-shaped locules of the 
fruit. 

Type species.—Triplascapha collinsonae sp. nov. 


Triplascapha collinsonae sp. nov. 
Plate 63, figures 1-12; Text-figure 24 


Etymology.—The epithet recognizes the important 
contributions of Margaret E. Collinson to paleocar- 
pology. 

Description.—Fruit ovoid, tricarpellate, trisym- 
metrical, nearly circular in cross section, one end (base?) 
rounded, the other (apex?) truncate with a circular disk; 
fruit length 4.0-6.0 mm, equatorial diameter 3.7—5.5 
mm, trilocular with a single seed per locule; locule casts 
shallowly c-shaped in cross section, the ventral face 
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Text-figure 24.—Triplascapha collinsonae gen. et sp. nov., trans- 
verse section showing three seeds within parenchymatous pericarp. 


convex, the dorsal face concave, 4.1 mm long, 3.0-3.1 
mm wide. Pericarp consisting of four layers: 1) locule 
lining five- to 12-seriate, composed of isodiametric to 
periclinally and horizontally elongate cells 10-15 um 
thick and up to 33 um long, 2) a uniseriate layer of 
columnar cells 55 to 140, avg. 80 um high and 15-23 
um wide, 3) a 50 wm-thick layer of horizontally ori- 
ented narrow fibers each about 2.5—3.8 um thick; layers 
1-3 defining three pyrenes, which together are sur- 
rounded by 4) a layer of parenchyma cells 30-58 um 
in diameter, 0.7—2.0 mm thick. Embryo circular in 
cross section, tube-like, aligned with the center of each 
locule. 

Specimens.—Holotype: UF 9472. Paratypes: UF 
9480, USNM 354051. 

Discussion.—Triplascapha is represented by rare 
locule casts and permineralized fruits. The fruits are 
distinctive in the presence of a circular disk-like trun- 
cation at one end, possibly the apex (PI. 63, figs. 1, 2, 
7, 8), and the three dorsally concave locules that are 
symmetrically arranged about the long axis of the fruit 
(Pl. 63, fig. 10; Text-fig. 24). Typically, the outer layers 
of the fruit are stripped away as they are broken from 
the sediment, but one specimen still attached to the 
sedimentary matrix was sectioned to show the full 
thickness of mesocarp (PI. 63, fig. 9). In size and form 
of the endocarp and locules, this fruit converges closely 
with Portnallia Reid et Chandler, a genus from the 
London Clay that has been synomized within the mas- 
tixioid genus Beckettia (Knobloch and Mai, 1986). For 
a detailed anatomical comparison, I was permitted to 
cut a transverse section of Portnallia bognorensis 
(v.30422, a specimen originally figured by Reid and 
Chandler, 1933, pl. 26, fig. 41). This section reveals 
that the London Clay endocarp is composed of swirling 
tracts of fibers, and lacks a central vascular bundle— 


characters that corroborate its assignment to the mas- 
tixioids and differentiate it from 7riplascapha. 

Transverse sections of Triplascapha reveal a dis- 
tinctive columnar layer surrounding each of the three 
locules (Pl. 63, figs. 11, 12) that 1s not seen in extant 
or fossil mastixoids. The fibrous layer surrounding the 
columnar cell layer around each locule appears to de- 
fine a pyrene, so that the three endocarps might have 
been shed independently unlike the situation in Cor- 
naceae. The cylindrical, tube-like embryo (PI. 63, figs. 
10, 11) is a peculiarity that may eventually help in 
pinning down affinities with a particular modern fam- 
ily. 

Genus TRIPLEXIVALVA gen. nov. 


Etymology.— Triplex (L = threefold) + valva (L = 
door), referring to the three valves of the fruit. 
Type species.— Triplexivalva rugata sp. nov. 


Triplexivalva rugata sp. nov. 
Plate 63, figures 13-20 


Etymology.— Rugosus (L = wrinkled). 

Description.—Fruit subglobose, nearly circular to 
rounded-triangular in cross section, rounded basally 
and apically, with a circular scar at the base, and a 
triangular to circular scar at apex; length 3.3-8.1, avg. 
5.3 mm (SD=1.37, n=11), width 3.5—7.7, avg. 5.3 mm 
(SD=1.44, n=10), narrower width 2.8-7.5, avg. 4.8 
mm (SD=1.83, n=6); composed of three well-defined 
valves, whose margins meet to form three longitudinal 
ridges that intersect apically and basally; asymmetrical, 
often with one valve somewhat larger than the others, 
valves up to 0.8 mm thick; surface longitudinally ru- 
gulate, rugulae thinning apically. Locule casts trigonal 
in transverse view, with the three carpels radially fused, 
sometimes with a cleavage between them, otherwise 
with a flange indicating the edges of adjoining valves. 

Specimens.— Holotype: USNM 424799. Paratypes: 
UF 5237 (Bones, 1979, pl. 5, fig. 9), 6378-6380, 6382, 
9725-9727, USNM 312759 (Bones, 1979, pl. 5, fig. 4), 
355539 (2 specimens), 422396, 424798. 

Discussion.—This species is represented by trigonal, 
globose fruit casts with prominent longitudinal ribs (PI. 
63, figs. 13-20). Circular spots on the surface of some 
specimens (PI. 63, figs. 13, 15) might represent an ex- 
udate. Some of the specimens have shed one or more 
valves, showing that the valves themselves are rela- 
tively thick, and revealing a smooth locule cast inside 
(Pl. 63, figs. 17-20). 


TRISEPTICARPIUM gen. nov. 


Etymology.—Tri (L, Gr = three) + septum (L = 
partition) + karpos (Gr = fruit). 
Type species.—Trisepticarpium minutum sp. nov. 
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Trisepticarpium minutum sp. nov. 
Plate 64, figures 1-10 


Etymology.—The epithet refers to the small size of 
the fruit. 

Description.— Fruit pyriform, circular in cross sec- 
tion, base cuneate, rounded, apex hemispherical, 
rounded; length 2.8 mm, width 2.2 mm, tricarpellate, 
trilocular; surface smooth or faintly striate longitudi- 
nally, with three longitudinal grooves intersecting at 
the apex; outer wall of fruit 140 wm thick, composed 
of densely packed more or less isodiametric sclereids 
25-50 um in diameter, ventral wall of each carpel 
thicker than the outer fruit wall and comprised of a 
uni- to biseriate layer of large anticlinally elongate co- 
lumnar cells 180-400 um high, 40-100 um wide; inner, 
ventral, wall of each carpel joining with those of ad- 
jacent carpels to form a prominent triradiate to tri- 
angular septum, locule lining composed of a uniseriate 
layer of horizontally oriented fibers 50 um thick; loc- 
ules dorsiventrally compressed 259-300 um thick and 
1150-1250 um wide, containing small winged seeds, 
placentation axile and near the apex, seeds in cross 
section with a lensoidal central body 220-280 um wide, 
80 um thick covered by a finely reticulate layer which 
is drawn out into a thin wing on both sides, width 
including wings 450 um, wing width approximately as 
long as the width of the central body, straight or re- 
curved near the margins, seeds arranged in two rows 
per locule, apparently with central placentation. 

Specimen.— Holotype: USNM 424737. 

Discussion.—This new genus and species is repre- 
sented by a single well-preserved specimen which was 
photographed in stereo (Pl. 64, figs. 2, 3) and then 
sectioned transversely to reveal well preserved anat- 
omy. The thick inner septa of this fruit, joined in a Y 
configuration (Pl. 64, figs. S—9), and the winged seeds 
(Pl. 64, fig. 10), are distinctive features of this fruit. 


Genus TRUNCATISEMEN gen. nov. 


Etymology.—Truncus (L = cut off) + semen (L = 
seed). 
Type species.—Truncatisemen sapotoides sp. nov. 


Truncatisemen sapotoides sp. nov. 
Plate 64, figures 11-14 


Etymology.—The epithet refers to the similarity with 
seeds of Sapotaceae. 

Description.—Seed ellipsoidal, bilaterally symmet- 
rical, laterally compressed in the plane of symmetry 
with an oblique apical truncation, base and lateral mar- 
gins smooth and rounded, length 9.5—12.2 mm, width 
in plane of symmetry 6.2-8.0 mm, thickness across 
plane of symmetry 5.5 mm; surface smooth, shiny, 


truncate face elliptical, 2.7—3.0 mm wide, 5.2—5.8 mm 
long, forming a slope about 35—40° to the long axis of 
seed, with a circular scar (hilum) in the center. 

Specimens.— Holotype: UF 6459. Paratype: USNM 
424650. 

Discussion.— Both specimens of this species are pre- 
served as chalcedony casts. Cracks on the surface of 
both fossil seeds suggest a thin, easily fractured seed 
coat. Similar obliquely truncate seeds occur in Styra- 
caceae, Illiciaceae and Sapotaceae, however the precise 
familial affinities remain undetermined. Although there 
is a gross resemblance to seeds of some Sapotaceae, 
Truncatisemen does not show the characteristic bulg- 
ing scar beneath the truncation that is typical of Sa- 
potaceae. T. sapotoides differs from the Clarno truncate 
seeds attributed to Bumelia? by larger size, and lateral 
compression. 


Genus ULOSPERMUM gen. nov. 


Etymology.— Ulo (Gr = scar) + spermum (Gr = seed), 
referring to the prominent attachment scar. 
Type species.— Ulospermum hardingae sp. nov. 


Ulospermum hardingae sp. nov. 
Plate 65, figures 1-8 


Etymology.—This species is named after Elisabeth 
Harding, who collected one of the best specimens. 
Description.—Fruit bilaterally symmetrical, 
obliquely cordiform in the plane of symmetry, with a 
large concave, elliptical scar at the broad end, pointed 
at the opposite end, oblong in cross section; fruit length 
13.2-14.3, avg. 13.9 mm (SD=0.61, n=3), width 16.4— 
18.0, avg. 17.0 mm (SD=0.87, n=3), thickness across 
plane of symmetry 8.8-11.0, avg. 9.6 mm (SD=1.17, 
n=3), length/width ratio 0.73-0.87, avg. 0.82; the el- 
liptical scar 6 < 9 mm, containing many (about 20) 
protruding V- or Y-shaped vascular traces; wall 0.8 
mm thick, made up of three anatomical layers: 1) uni- 
to biseriate locule lining ca. 30 um thick composed of 
thin walled poorly preserved periclinally elongate rect- 
angular cells 12—15 um in diameter, 2) a middle layer 
ca. 250 um thick composed of anticlinally organized 
files of densely packed small sclereids 12—22 wm wide, 
30-38 um long, grading into, 3) outer layer composed 
of larger cells 40-80 (—130) um in diameter that are 
not anticlinally aligned, grading from more or less iso- 
diametric to larger and periclinally elongate toward the 
periphery. Locule cast relatively smooth, in one spec- 
imen bearing small, evenly spaced punctae. 
Specimens.— Holotype: USNM 355363. Paratypes: 
UF 9566, USNM 414509, 355363. 
Discussion.—This species is rare in the Nut Beds 
collections and is unknown from other localities. Two 
of the specimens are locule casts with the outer wall 
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missing (e.g., Pl. 65, figs. 1-3). The tissue over the large 
recessed scar appears to have been well-indurated, and 
has remained intact in one specimen (PI. 65, fig. 1), 
but when removed, shows numerous vascular bundle 
endings (Pl. 65, figs. 2-4). The holotype has the wall 
intact, permineralized, and, upon sectioning, yielded 
the anatomical details described above (PI. 65, figs. 5- 
8). Although Ulospermum could be interpreted either 
as a seed with a conspicuous hilum, or as a fruit with 
a conspicuous cupule or pedicel scar, I have described 
it as a fruit, because the specimen that was cut trans- 
versely shows the remains of what appears to be a seed 
shriveled in the center of the locule (Pl. 65, fig. 5). 
Despite the very distinctive morphology, I have been 
unable to determine its affinity among extant families. 


Genus WHEELERA gen. nov. 


Etymology.—This genus is named for Elisabeth A. 
Wheeler, recognizing her contributions to paleobotany 
including research on woods of the Clarno flora. 

Type species.— Wheelera lignicrusta sp. nov. 


Wheelera lignicrusta sp. nov. 
Plate 65, figures 9-16 


Etymology.—Lignum (L = wood) + crusta (L = 
shell), referring to the fibrous fruit wall. 

Description.—Fruit subglobose, prolate, rounded 
basally and apically, unilocular, length 11.4-12.0 mm, 
equatorial diameter 8.0-8.4 mm; pericarp 1.4—2.0 mm 
thick, composed of: 1) uniseriate locule lining of thick- 
walled anticlinally oriented columnar cells 100 um high, 
25 um wide that commonly contain one to four rhom- 
boidal crystals, 2) a thick layer of short fibers 300-600 
um long, 40-70 um wide, 3) an outer layer about 200 
um thick composed of tangentially flattened of paren- 
chyma cells 60-100 um wide, 13-40 um high. Locule 
cast smooth, rounded basally, pointed apically. 

Specimens.— Holotype: UF 9271. Paratypes: UF 
9576, 9359. 

Discussion.—This species is known from three per- 
mineralized specimens. The main thickness of the peri- 
carp formed of anticlinally directed short fibers (Pl. 65, 
fig. 15), and the locule lining of columnar cells with 
crystals (Pl. 65, fig. 16) are distinctive features of this 
genus. As yet, the affinities with modern taxa remain 
undetermined. 


Genus CARPOLITHUS Schlotheim 


Carpolithus bellispermus Chandler 
Plate 66, figures 1-10 


Carpolithus bellispermus Chandler 1978, pp. 31-32, pl. 8, figs. 3-6. 


Description.—Seed ovate in face view, dorsiven- 
trally compressed, rounded-triangular in cross section, 


typically bilaterally symmetrical except at the laterally 
oblique apex; base rounded, apex in complete seeds 
rounded, slightly bulging, with an asymmetrical, an- 
gular notch visible on the dorsal and ventral surfaces; 
dorsal side of seed gently convex, ventral side typically 
with two faces meeting at about 120° to form a rounded 
median longitudinal ridge; length of complete seed 2.8— 
3.2, avg. 3.0 mm (SD=0.19, n=7), width 1.5-2.0, avg. 
1.8 mm (SD=0.17, n=7), thickness 0.9-1.1, avg. 1.0, 
(SD=0.08, n=7); seed coat composed of two cell layers: 
inner layer uniseriate, about 0.02 mm thick, composed 
of small, rectangular to polygonal cells more or less 
longitudinally aligned as viewed peridermally; outer 
layer 0.125 mm thick, uniseriate with large cells that 
are adjoining basally, but with each cell narrowed api- 
cally and forming a cylindrical digitate projection, dig- 
itations about 30 um in diameter, oriented anticlinally, 
resulting in a papillate surface to the seed coat; digi- 
tations are encased in a tan to brownish translucent 
substance, possibly wax, that forms the outer surface 
of the seed. Endosperm cast (internal mold of seed 
coat) shaped like the complete seeds, except obliquely 
truncate apically, the plane of truncation oriented 45- 
60° to the longitudinal axis as viewed ventrally or dor- 
sally; micropyle forming a prominent point at the top 
of the apical truncation. 

Specimens.—UCMP. 10663-10667, 10698-10700; 
USNM 355416, 435014-435017; UF 6503-6506, 
8544-8579, casts; UCMP 10696, 10697, UF 6607, 
specimens with intact seed coat. Holotype: BM v51663 
(London Clay). 

Discussion.—Carpolithus bellispermus was recog- 
nized previously only from the Eocene Bognor Beetle 
Bed of the London Clay, England (Chandler, 1978). 
The familial affinities are still unknown, and the species 
is retained provisionally in the noncommittal genus 
Carpolithus. It is represented in the Nut Beds by nu- 
merous internal chalcedony molds of seed coat, and a 
few permineralized specimens with the seed coat in- 
tact. The internal molds are readily recognized by the 
smaller size, obliquely truncate apex, rounded base, 
dorsiventral compression and median ventral ridge (Pl. 
66, figs. 5, 6). Complete seeds show the notched apex 
(Pl. 66, figs. 1-4) and digitate outer layer (Pl. 66, figs. 
7-9). The closely spaced, anticlinally oriented digitate 
cells, enveloped in a translucent layer, are conspicuous 
features that should be helpful in the search for related 
extant and/or fossil taxa. Despite good preservation of 
the seed coat in some of the specimens, no embryo 
and no raphe were observed. 

In the description above I have followed Chandler’s 
(1978) interpretation that these specimens represent 
seeds rather than fruits. Chandler (1978) provided a 
brief description of fruit characters based upon spec- 
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imen(s) that she had observed prior to pyritic deteri- 
oration. She stated that only part of the endocarp was 
preserved, bearing a single seed and having a longi- 
tudinal suture with rounded edges along which splitting 
had occurred and noted that the was wall columnar in 
section. She interpreted the seeds to be campylotro- 
pous because of the adjacent hilum and micropyle 
without an obvious raphe. Corresponding fruits have 
not been recovered from the Nut Beds, but the seeds 
are so distinctive that there can be no question in iden- 
tifying this material to the London Clay species. 


Carpolithus sp. | 
Plate 66, figures 11-14 


Description.—Endocarp unilocular, ellipsoidal, 
nearly circular in cross section, 7.8—11.0 mm long, 6.1- 
6.9 mm in diameter, base and apex rounded, surface 
longitudinally ribbed, with about eight to ten promi- 
nent, rounded meridional ridges, each with a groove 
at its crest; endocarp wall 0.7 mm thick. 

Specimens.—USNM 355686, OMSI Pb1439. 

Discussion.—This eight- to ten-ribbed fruit is rep- 
resented by two specimens from the lower part of Face 
3. Neither is anatomically preserved, but the external 
morphology indicates that it represents a species dis- 
tinct from any other known from the Nut Beds. 


Carpolithus sp. 2 
Plate 66, figures 15, 16 


Description.—Achene bisymmetrical, ovate in lat- 
eral view, base truncate, apex acute; laterally com- 
pressed in the plane of symmetry with a wing-like keel 
on one side, rounded on the other side; length 2.4—2.7 
mm, width |.6-1.7 mm, thickness 1.0—1.1 mm; trun- 
cate base with an elliptical recessed area (hilum or 
pedicel scar), surface smooth on the rounded margin, 
but cratered with shallow depressions up to 200 um in 
diameter on the lateral margins and on the wing-like 
portion. 

Specimens.—USNM 424719, UF 8581. 

Discussion.—This species is represented by hollow 
silica casts that appear to represent achenes. Distinc- 
tive features are the relatively large circular basal scar 
(PI. 66, fig. 16), the cratered surface and wing-like keel 
on one side. 


Carpolithus sp. 3 
Plate 66, figures 17, 18 


Description.—Seed prolate, ellipsoidal, circular-el- 
liptical in cross section, base and apex rounded, ellip- 
tical in cross section, length 6.4 mm, diameter at equa- 
tor 5.0 x 5.8 mm, surface smooth; seed coat 280 um 
thick, composed of: 1) an inner layer ca. 200 um thick 
of more or less isodiametric parenchyma cells 13-30 


um in diameter, 2) a middle layer ca. 50 um thick of 
tangentially flattened sclerenchyma, 3) an outer layer 
about 40 um thick composed of larger thin-walled an- 
gular parenchyma cells 30-50 um in diameter. Coty- 
ledons large, plano-convex, hemispherical. 

Specimen.—USNM 355069. 

Discussion.— This species 1s represented by a single 
specimen. Although the outer surface is rather non- 
descript, sectioning revealed a thick wall and large pla- 
noconvex cotyledons (PI. 66, fig. 18). Although similar 
to Lauraceae in the single locule and large hemispher- 
ical cotyledons, the columnar layers typical of that fam- 
ily were not observed. The preserved wall is interpreted 
above as representing the seed coat, but it may also 
include part of the fruit wall. 


Carpolithus sp. 4 
Plate 67, figures 1—5 


Description.—Locule cast obpyriform, bisymmetri- 
cal, nearly circular in cross section, but with a raised 
longitudinal ridge in the plane of symmetry, base and 
apex pointed, widest about '3 of the distance below 
apex, length 5.0 mm, diameter 2.0 mm; the longitu- 
dinal ridge formed only on one side in the plane of 
symmetry, appearing as a flattened band 0.7 mm wide 
with a median keel; single-seeded with thin seed coat 
preserved. 

Specimen.—USNM 424652. 

Discussion.— This specimen appears to be the locule 
cast of a unilocular fruit. The longitudinal ridge, which 
is only on one side (ventral?) apparently represents the 
suture plane (Pl. 67, figs. 1-4). A transverse section 
reveals a single seed inside with a thin seed coat pre- 
served (PI. 67, fig. 5). At least superficially, it resembles 
the locule of Prunus (Mai, pers. comm., 1989), but it 
does not correspond to the locule morphology of either 
of the Prunus species known from permineralized en- 
docarps from the Nut Beds. 


Carpolithus sp. 5 
Plate 67, figures 6-8 


Description.—Fruit unilocular, single-seeded, en- 
docarp more or less ellipsoidal, elliptical in cross sec- 
tion, length 3.4 mm, width 3.1 mm, thickness 2.0 mm; 
endocarp wall smooth, 230-330 um thick, ca. |2-se- 
riate, composed of rounded cells with small extensions, 
adjacent cells adjoining like pieces of a jig-saw puzzle, 
these cells typically 15-40 um in diameter; exocarp 
uniseriate with inflated, thin-walled rectangular cells, 
25-58 um wide, 20-38 um high, and an outer biseriate 
layer of square to rectangular cells 10-13 wm in di- 
ameter. Seed coat uniseriate, composed of cuboidal 
cells about 10 um in diameter. 

Specimen.— UF 9758. 
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Discussion.—This species is represented by a single 
well-preserved specimen. It was sectioned transversely 
revealing the pericarp thickness and a single seed with 
a shriveled thin seed coat (Pl. 67, figs. 6, 7). The en- 
docarp composed of interdigitating rounded cells, and 
exocarp of thin-walled rectangular cells are distinctive 
features of this species (PI. 67, fig. 8). The unilocular, 
single-seeded morphology and interconnecting cells of 
the endocarp are reminiscent of Icacinaceae; however, 
the endocarp shows no obvious plane of dehiscence as 
occurs in many Icacinaceae and a funicular canal was 
not detected. The affinities of this species, whether 
within the Icacinaceae, or with another family, remain 
to be determined. 


Carpolithus sp. 6 
Plate 67, figures 9-12 


Description.— Fruit subovoid, unilocular, single- 
seeded, base and apex rounded, length 5.1 mm, width 
4.2 mm, thickness 3.9 mm; endocarp ellipsoidal, bi- 
symmetrical, laterally compressed with a keel in the 
plane of symmetry, endocarp wall 0.2 mm thick, with 
smooth locule and verrucate outer surface, composed 
of thick-walled sclereids 20-38 um in diameter; me- 
socarp 0.6-—0.9 mm thick, composed of large, polygo- 
nal, isodiametric to anticlinally elongate parenchyma 
cells 80-160 um in diameter, these cells smaller in the 
outer few peripheral layers and with about 30 longi- 
tudinally oriented vascular bundles close to the en- 
docarp; large empty cavities developed in parts of the 
mesocarp; placentation ventral near the base; seed fill- 
ing the locule, seed coat composed of two to three layers 
of rectangular, periclinally elongate cells; raphe with 
several vascular bundles forming a band 400 um thick 
and 100 um wide along one of the lateral margins 
adjacent to the keel of the endocarp. 

Specimen. —USNM 424738. 

Discussion.—This species is known from a single 
specimen that is not very distinctive in its surface mor- 
phology (PI. 67, figs. 9, 10), but in section shows good 
anatomical structure (Pl. 67, figs. 11, 12). The meso- 
carp appears to have been rather soft, and one would 
expect the endocarp alone to be more commonly pre- 
served. However, I have not seen corresponding iso- 
lated endocarps with the distinctive verrucate surface 
ornamentation observed in this species. 


Carpolithus sp. 7 
Plate 67, figures 13-16 


Description.—Locule cast subglobose-oblate, round- 
ed basally, truncate apically, height 7.5, 11, 12.1 mm, 
equatorial diameter 8.5, 13.8, 14.1 mm; surface smooth 
to irregularly wrinkled; truncation smooth, more or 
less circular, perpendicular to the vertical axis, its mar- 


gins somewhat recessed, slightly domed (wide-obtusely 
conical) forming an obtuse point in the center. Mold 
in matrix globose, with very little space between cast 
and mold, at most 0.2 mm, with a small domed pro- 
jection at one end. 

Specimens.—UF 9862, USNM 355191, 355637. 

Discussion.—This species is distinctive in its globose 
shape and circular, shallowly domed truncation. One 
of the specimens (UF 9862) is a cast along with a mold 
of the surrounding endocarp. The space between the 
locule cast and the endocarp mold, representing the 
endocarp wall thickness, is only about 0.2 mm. Such 
a thin wall may explain the surface wrinkling, which 
could be due to compaction in the sediment. 


Carpolithus sp. 8 
Plate 68, figures 1-4 


Description.—Achene more or less ovoid, truncate 
at one end, rounded-acute at the other; more or less 
circular in cross section, length 4.0 mm, equatorial 
diameter 3.4 mm, exterior smooth, base with a re- 
cessed circular scar, wall relatively thick (0.8 mm), 
composed of isodiametric cells 23—63 um in diameter; 
locule lining composed of a single layer of small cu- 
boidal cells ca. 7 wm in diameter. 

Specimen.—USNM 422526. 

Discussion.—This species 1s known from a single 
specimen that is distinctive in its thick wall and large 
basal scar. Preliminary study indicates close similarity 
in morphology and anatomy to extant Sparganium. 
Sparganium achenes are truncate at the apex, and, like 
those of the fossils, have an endocarp of a single rel- 
atively thick layer of isodiametric cells. 


Carpolithus sp. 9 
Plate 68, figures 5-9 


Description.—Fruit or bud subglobose, trigonal in 
cross section, pointed at one end, truncate at the other, 
with three longitudinal keels intersecting at the pointed 
end; length 2.0-2.5 mm, width 1.6-2.4 mm; truncate 
end with a central circular scar (style base or peduncle 
scar?) surrounded by four alternately arranged whorls 
of three slits interpreted as tepal scars; wall (endocarp?) 
200 um thick. 

Specimens.— UF 6347, 6457, 9550-9556. 

Discussion.— These specimens are distinctive in their 
trigonal symmetry and truncated end with whorls of 
slits that appear to represent tepals. Whether these 
objects represent immature buds or actual fruits has 
not been determined. Transverse sections failed to re- 
veal stamens, as might be expected if the specimens 
represent flower buds. The sections also did not reveal 
seeds. 
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Carpolithus sp. 10 
Plate 68, figures 10-14 


Description.—Fruits/seeds trigonal in face view, bi- 
symmetrical, with a dorsal keel in plane of symmetry, 
height 1.4-1.7, avg. 1.6 mm, (SD=0.13, n=4), width 
across plane of symmetry 0.9-1.1, avg. 1.0 mm 
(SD=0.08, n=4), depth in plane of symmetry 1.6-1.7, 
avg. 1.7 mm (SD=0.06, n=3); rounded dorsally, nar- 
rowly triangular in ventral view; with pore (hilum or 
funicular opening) circular on the ventral surface. 

Specimens.—USNM 435102-435105. 

Discussion.—This species 1s represented only by a 
few specimens. In shape and size they compare favor- 
ably with Brousonettia in the Moraceae. The species 
of Brousonettia that I have seen have a verrucate seed 
coat, whereas this fossil species has a smooth outer 
surface. Moraceous wood anatomically similar to 
Brousonettia is present among the fossil woods from 
the Nut Beds (Manchester, unpublished). 


Carpolithus sp. 11 
Plate 68, figures 15-19 


Etymology.—The epithet refers to the Clarno For- 
mation. 

Description.—Inner mold of seed coat oblong in face 
view, bilaterally symmetrical; base rounded, apex ap- 
parently rounded, dorsiventrally compressed, some- 
what curved ventrally from base to apex as seen from 
the side, length ca. 11.3 mm, width ca. 4.9 mm, thick- 
ness ca. 2.0 mm, with a median keel on the dorsal 
surface and broad median depression on the ventral 
side; surface of mold with about 22 closely spaced, 
rounded horizontal ribs arising oppositely from the 
median keel. These ribs are straight in course, passing 
from the dorsal keel over the dorsal face and around 
to the ventral side where the meet in an offset pattern, 
the ribs perpendicular to the long axis of the seed except 
at the base and apex where they are radially arranged. 

Specimen.—USNM 424625. 

Discussion.—This species 1s represented by a single 
very distinctive specimen showing a series of rounded 
transverse ridges separated by narrow cleavages (PI. 
68, figs. 15-19). The specimen is interpreted as the 
internal mold of a seed, suggesting that the seed coat 
itself had a series of transverse partial septa and that 
the endosperm was therefore ruminate. Unlike the seeds 
of Annonaceae with ruminate endosperm (PI. 6, figs. 
9-18), the species has a prominent dorsal keel, and the 
ribs are more parallel and even in their development. 
Ruminate endosperm also occurs among the Menis- 
permaceae (Thanikaimoni, 1984), and in shape and 
symmetry the fossil resembles endocarps of the Ti- 
nosporeae tribe; however, I have not found a closely 


similar modern genus, and the apex of the fossil is 
broken, making it impossible to determine if placen- 
tation was subapical as in Tinosporeae. 


Carpolithus sp. 12 
Plate 69, figure 1-4 


Description.—Fruit a penta-syncarpellate capsule, 
prolate, rounded in lateral view, with five locules ra- 
dially arranged about a central axis; length 11.5 mm, 
width 8.3-10.1 mm; surface smooth, each carpel with 
a median longitudinal dorsal keel, possibly a line of 
dehiscence; adjacent carpels separated by a groove on 
the external surface and by a thin septum (ca. 0.4 mm) 
formed by the paired carpel walls; number and type 
of seeds unknown. 

Specimen.—USNM 326719 (Bones, 1979, pl. 5, fig. 
10). 

Discussion.—This species is represented by a single 
specimen with five conspicuously bulging locules (PI. 
69, figs. 1-3). The fruit was sectioned transversely re- 
vealing thin septa, a thick central axis, and empty loc- 
ules (Pl. 69, fig. 4) suggesting that the seeds had dis- 
persed prior to deposition of the fruit. 


Carpolithus sp. 13 
Plate 69, figures 5-8 


Description.—Fruit subglobose, unilocular, single- 
seeded?, rounded apically and basally; length and width 
15.0 mm; surface smooth; wall 2.7 mm thick, com- 
posed of: locule lining 6—7-seriate, 600 um thick, com- 
posed of anticlinally elongate cells 70-120 um long, 
20-45 um wide; outside the locule lining is a uniseriate 
layer 20 um thick of narrow anticlinally elongate cells, 
poorly preserved, frequently expanded and containing 
rhomboidal crystals; mesocarp not preserved, repre- 
sented by a space 1.6 mm thick penetrated by foreign 
roots; exocarp composed of a layer of isodiametric 
sclereids 50-75 wm in diameter, outlined by a unise- 
riate layer 15 um thick composed of rectangular cells 
15—30 um in diameter. 

Specimen. —UF 9744. 

Discussion.—This species is represented by a single 
specimen. Although the exterior of the specimen is 
fractured and partially covered with sediment (PI. 69, 
fig. 5), the internal structure and anatomy is very well 
preserved as seen in transverse sections (Pl. 69, figs. 
6-8). The inner layer of short, anticlinally elongate 
thin-walled cells (Pl. 69, fig. 7) and the outer layer of 
compact isodiametric sclereids (Pl. 69, figs. 8) are con- 
spicuous features of this fruit. 


Carpolithus sp. 14 
Plate 69, figures 9-12 


Description.— Fruit a multiseeded berry, pyriform, 
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circular in cross section, pointed apically, rounded with 
a slight depression and | mm circular scar at the base; 
length 12.2 mm, equatorial diameter 11.3 mm; fruit 
surface smooth, evidently thin-walled; placentation 
type uncertain, seeds ovoid, |.8—2.8 wide, ca. 5.0 mm 
long, borne in three pairs near the center of the fruit 
and surrounded by pulpy tissue; seed coat composed 
of a layer of uniseriate, anticlinally oriented columnar 
cells 50-70 um high and 20-25 wm wide. 

Specimen.—UM 66137. 

Discussion.— This species is known only from a sin- 
gle specimen. Transverse sectioning showed that much 
of the inner contents had degraded prior to silicifica- 
tion; however, a central group of six paired seeds are 
recognizable, two of which are well preserved (Pl. 69, 
figs. 11, 12). Toward the periphery of the fruit are 
remains of what appear to be degraded parenchyma 
tissue suggesting that it was a fleshy fruit. 


Carpolithus sp. 15 
Plate 69, figures 13-16 


Description.—Cast bisymmetrical, H-shaped in face 
view, consisting of two crescent shaped limbs, each 
more or less parallel, concave ventrally and convex 
dorsally, rounded at one end, narrowed and pointed 
at the other; these limbs mutually joined connected 
across the plane of symmetry in the central '3 of their 
length; height 5.7 mm, width across plane of symmetry 
4.0 mm, thickness 3.5 mm; surface nearly smooth, but 
finely striate by surface cells oriented horizontally with 
respect to the long axis of each limb; dorsiventral thick- 
ness of each limb 2.2 mm, each limb with a dorsal keel 
that is best developed at the narrow end. 

Specimen.— UF 9548. 

Discussion.—Only a single specimen of this type is 
known. It is distinctive in the H-shape in face view 
(Pl. 69, figs. 13, 14) and strongly curved longitudinal 
axis as viewed laterally (Pl. 69, fig. 15). The structure 
apparently represents the inner mold of a seed (embryo 
cast) or fruit (locule cast). If it is an embryo cast then 
the two limbs might be interpreted as a pair of thick 
cotyledons. If it is a locule cast, then the fruit appears 
to have been almost bilocular, but with a foramen 
between the two lateral halves. 


Carpolithus sp. 16 
Plate 70, figures 1-5 


Description. —Seed laterally flattened, ellipsoidal, bi- 
laterally symmetrical with a ventral keel in plane of 
symmetry, rounded dorsally, length 3.2 mm, width 2.0 
mm, thickness 1—1.2 mm; surface with prominent nar- 
row rugulations perpendicular to long axis of seed. Em- 
bryo cavity smooth-surfaced, laterally compressed like 
the seed, roughly J-shaped with notch in the placental 
area. 


Specimens.—UF 9609, 9794-9798. 

Discussion.—Seeds of this species are preserved to- 
gether in clusters within the siltstone. Typically the 
seed coat itself has deteriorated, leaving a rugulate out- 
er mold in the siltstone with a silica cast of the embryo 
cavity inside. The surficial relief on the seeds can be 
seen through stereo images of the matrix mold (PI. 70, 
figs. 1, 2), and on silicone casts prepared from the same 
specimens (PI. 70, fig. 5). Although internal compo- 
sition of the seed is unknown, internal molds of the 
seed coat (Pl. 70, figs. 3, 4) are curved, suggesting a 
curved embryo, with an attachment scar at the axis of 
curvature. 


Carpolithus sp. 17 
Plate 70, figures 6-8 


Description. — Fruit globose-prolate, unilocular, sin- 
gle-seeded, base and apex rounded, circular in trans- 
verse section, length 6.2 mm, equatorial diameter 5.5 
mm; pericarp 1.25 mm thick, consisting of a thick 
parenchymatous layer of isodiametric cells 30-70 um 
in diameter surrounded by a uniseriate layer of anti- 
clinally elongate schlerenchyma cells 210 um high, 30- 
38 um wide; seed coat 38 um thick, four- to six-seriate, 
composed of thin walled polygonal cells 8-15 um high, 
12-30 um, seed filled with parenchyma 50-180 um in 
diameter. 

Specimen.— UF 9768. 

Discussion.— This globose unilocular specimen shows 
some similarity to the fruits of Lauraceae. However, 
although it has an outer layer of columnar cells, its 
lacks such a layer close to the locule and it does not 
show the large, subhemispherical cotyledons typical of 
Lauraceous seeds. 


Carpolithus sp. 18 
Plate 70, figures 9-12 


Description.— Fruit broadly elliptical in face view, 
lenticular to compressed-hexagonal in cross section, 
unilocular, quadrilaterally symmetrical with the two 
planes of symmetry intersecting at right angles in the 
longitudinal axis), with a median keel in the dorsiven- 
tral plane of symmetry; ventral and dorsal faces round- 
ed or with a pair of longitudinal angles, base rounded- 
truncate with a persistent stalk 0.7 mm long and 0.4 
mm thick, apex rounded; fruit length 6.8 mm, width 
6.2 mm, thickness 4.7 mm; wall 123-150 um thick, 
seed similar in shape to the fruit, raphe running lon- 
gitudinally down one of the narrow sides. 

Specimens.—UF 6497, 9464. 

Discussion.—This species is represented only by two 
specimens, one of which is fragmentary. One of them 
was sectioned transversely, revealing a thin wall and 
large locule devoid of contents (PI. 70, fig. 12). In the 
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cutting process, the wall flaked away on the apical half, 
revealing an internal cast of the seed showing the course 
of the raphe on one side along the keel. The description 
above uses terminology that assumes the specimen is 
a fruit containing a single seed. Alternatively, the spec- 
imen might be interpreted as a seed with the outer wall 
representing the seed coat and the projection a prom- 
inent protruding hilum. The other specimen shows 
some poorly preserved dark organic material adhering 
to the fruit cast, indicating that the specimens are miss- 
ing the outer layer(s). 


Carpolithus sp. 19 
Plate 70, figures 13, 14 


Description.—Cast globose, rounded apically and 
basally, length 15.2 mm, equatorial diameter 15.6 mm; 
apical 3 with three equidistant faint longitudinal ridges 
joining at the apex to form a triradiate mark; surface 
smooth in the lower hemisphere, striate in the upper 
hemisphere with longitudinally aligned low rounded 
ribs that are intertwining and plicate at their extrem- 
ities. 

Specimen.—USNM 422381. 

Discussion.—This specimen is a cast in translucent 
chalcedony without cellular preservation. It appears to 
be the internal mold ofa fibrous endocarp or seed coat. 
Because of the triradiate mark at the apex (PI. 70, figs. 
13, 14), it brings to mind Palmae. There is no evidence, 
however, of germination openings. 


Carpolithus sp. 20 
Plate 70, figures 15, 16 


Description. — Fruit globose, unilocular, single-seed- 
ed, rounded apically and basally, length 7.5 mm, width 
6.5 mm; wall 0.9 mm thick, composed of isodiametric 
sclereids 38-63 um in diameter. 

Specimens.—UF 9759, 9760. 

Discussion.—This species is represented by two 


specimens. The layer of isodiametric sclereids com- 
posing the fruit wall distinguishes it from other uni- 
locular fruits of the Nut Beds. Although similar in size 
and shape to Prunus weinsteinii, this species does not 
show a keel or plane of dehiscence. 


Carpolithus sp. 21 
Plate 70, figure 18 


Description.—Seed cordate, quadrilaterally sym- 
metrical, length 6.5 mm, width 8 mm, thickness 3.8 
mm (est.); internal mold of seed coat more or less 
triangular in face view, dorsiventrally compressed, fu- 
siform in transverse section, smooth to faintly rugulate, 
5.8 mm long, 5.7 mm wide, 1.9 mm thick, rounded 
basally, with a protruding scar of attachment, pointed 
apically; seed coat thickness 1.2 mm. 

Specimen.—USNM 422525. 

Discussion.— This species is known only from a sin- 
gle specimen. Although it bears some resemblance to 
seeds of Magnoliaceae, it is perfectly symmetrical. The 
inner cast is smooth, however the surrounding mold 
in the sediment is rough-textured with protrusions (PI. 
70, fig. 18). 


Five-part flower 
Plate 70, figure 17 


Description.— Flower 5-parted, actinomorphic, ca. 
18 mm wide, with central circular structure (ovary?) 
4.5 mm in diameter, five free ovate sepals 7.0 mm 
long, 3-5 mm wide, five free petals alternate with and 
thinner than the sepals, with pronounced parallel veins. 
Pedicel 1.2 mm in diameter, at least 3 mm long. 

Specimens.—OMSI Pb1507, 1642. 

Discussion.—Two flowers of this type were recov- 
ered from the leaf stratum at the base of Face 3. One 
is transversely compressed (PI. 70, fig. 17), the other 
is laterally compressed. 
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1. Equistetum clarnoi Brown strobilus showing hexagonal sporangiophores. OMSI-Pb 582. RL, x3. ...... erac& wyap aa heaes RO 15 
2s “Brodedtpinaceous:seediconestWiF 9887. xe a, sles altvare eielotace aenesere me htitie taste evoes venice setae es a rettaee agcli cae tar restos e kel eae oie ae 30 
3. Compressed pollen cone of Pinus sp. from West Branch Creek locas 230. Note bulsing paca ecules foe comparison Rn figs. 6-8. 
UF 9961. 1.5. a et Hanae tte eee 30 
4, 5. Seeds of Pinus sp. from Gime West nese: Creek focalay, 229¢. UF 9959 aid 9960. x1. : : dd ates acteurs ace 30 
6-9. Pinus sp. Pollen cone. UF 9334. |. miiboecod Ati oes 30 


6. Longitudinally fractured specimen, showing basal ener of the cone with poieine scales. RL, x sf 

7. Same specimen, sectioned longitudinally near the periphery, showing helical arrangement of sporophylls. RL, = 5. 
8. Same, sectioned longitudinally showing thick central axis. RL, <5. 

9. Longitudinal thin section showing pollen sacs on the abaxial side of the microsporophylls. RL, = 20. 


* For explanation of abbreviations used in Plate captions, see p. 30. 
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I-11. Taxus masonii sp. nov. : , Shc Bi: er ; mie ; : 31 
1. Seed, lateral view showing pointed apex and truncate base. Holotype, USNM 355474. PC, x6. 
2. Same, face view, showing smooth surface, rounded-obtuse apex, truncate base. PC, x 6. 
3, 4. Same, stereo-pair, apical view, showing dorsiventral keel. PC, x 6.4. 
5. Seed, lateral view. USNM 355406. PC, x 6.4. 
6. Same, apical view, pointed micropylar end. PC, x 6.4. 
7, 8. Same, stereo-pair, basal view, showing elliptical truncation with pair of vascular bundle scars. PC, x 6.4. 
9. Transverse section near base of the holotype, figs. 1-4, showing the two vascular traces (arrows). USNM 355474. RL, immersed 
in water, x 20. 
10. Same, transverse section midway between base and apex, showing the lensoidal outline and uniform thickness of the seed 
coat. USNM 355474. RL, 10. 
11. Detail from fig. 10, showing isodiametric cells composing the seed coat. RL, 50. 
12-16. Torreya clarnensis sp. nov. PC, x3. rar : : Re ia See arce oi : : Saco 
12. Seed in face view, showing ovate outline and smooth surface. Holotype, UF 6510. 
13. Same, lateral view, showing apical keel and prominent vascular pore (arrow). 
14. Another example in face view. Lateral swellings of the margin correspond to the position of the two vascular pores. USNM 
422380. 
15. Same specimen as in figs. 12, 13, apical view, showing elliptical outline and median keel. 
16. Same specimen as in fig. 14, apical view, showing elliptical outline. 
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1-16. Diploporus torreyoides sp. nov... .. Be nr Re IE TET ee OD ae Oe ee OR SES A dioode ots 32 


IE 


= WwnNnowooNn Duns 


nn 


. Stereo-pair, specimen with aril preserved in the upper half with wrinkled, pitted surface. Seed cast exposed in lower half. 


USNM 355569. x5. 


. Same, basal view, showing thickness of the aril, which is partially broken away revealing smooth seed cast within. x 5. 
. Same, apical view, showing micropylar aperture and wrinkly outer surface of the aril. x 5. 
. Internal mold of seed coat, face view, showing wide-elliptical outline and faint longitudinal striations. UF 8541. PC, x5. 


Seed in lateral view showing longitudinal striations of the aril, rounded base, dorsiventral keel extending over the apex and 
vascular pore (arrow). Holotype, UF 8542. PC, 5. 


. Same, apical view, showing elliptical outline, dorsiventral keel and central micropyle. PC, x5. 

. Same, basal view, showing smooth surface and pair of pores representing vascular scars (arrows). PC, x5. 

. Seed in face view. UF 8529. PC, x 4.5. 

. Same, lateral view. PC, x 4.5. 

. Same, stereo-pair, basal view, showing the smooth contours and the pair of lateral pores. PC, = 4.5. 

. Median longitudinal section in the dorsiventral plane showing seed coat and the two lateral pores (arrows). UF 8513. Etched, 


RL, x5. 


. Median longitudinal section in the dorsiventral plane of the specimen in fig. 5, showing elongate embryo. Etched, RL, x 4.7. 
. Same, enlarged, showing folds of the embryo and speckled appearance of surrounding tissue. Etched, RL, = 10. 
. Transverse section of seed showing circular outline of the embryo in the center and partially intact aril surrounding the seed 


coat. UF 8514. RL, x5. 
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Ll. AVATAR ZAHOMALOS Gos NONE « Bo oa aes fects SR Ee DARIO PIO SCA IE nO eee ate met A RRS Ie ACen TER ee Sere : 3 33 
1. Seed cast, lateral view, Bhowines reuculate ce bluntly pointed mmicreyte (m) and pajaeen! Riu (h). Holotype, UF 
6292. SEM, x13. 
2. Same, hilar end, showing lensoidal outline of seed. SEM, x 18. 
3. Seed cast in matrix. UF 6498. SEM, ~ 20. 
4. Same, enlarged to show space between outer and inner molds of the seed coat. SEM, x 50. 
5-14. Alangium eydei sp. nov...... : nee ; BN ee ae erties 34 
5. Endocarp cast, face view, Aenowiae ovate puting. UF 6508. PC, x5. 
6. Same, lateral view, showing longitudinal septal groove and left carpel slightly larger than right carpel. PC, x5. 
7. Endocarp cast, face view, showing smaller carpel (front) and larger carpel (behind). USNM 422393. PC, x5. 
8. Same, lateral view, showing sculpture of septal wall and one carpel larger than the other. PC, x5. 
9. Locule cast, dorsal view, showing elliptical outline and smooth surface. USNM 424646. PC, x5. 
0. Same, lateral view, showing adjoining locule casts of a fruit with the endocarp wall eroded away, revealing the median 
septum with arms of the septal canal system emerging as a median row of circular protruberances. PC, x5. 
11, 12. Stereo-pair of a permineralized endocarp, face view, partially broken, revealing one of the locule casts. Holotype, USNM 
424646. x5. 
13. Same, transverse section, showing relatively thin wall, median septum perforated by canals, and two locules with remains 
of the seed coat in each. RL, x7. 
14. Isolated silica cast of the septal canal system. UF 9479. PC, x5. 
lS eloreAlansiumiroiundicarpum-spanov: Holotype; WSNM 435005. «occ. cc. enadlo cit] eeteicite eens gles eee ecm neces sneeGe sess 35 
15. Permineralized endocarp, lateral view, showing greater flieiness relate to fice a 8. ens of the septal canal ersten 
emerging as a median row of circular protruberances. PC, x5. 
16. Transverse section, showing thick lateral walls and locules virtually equivalent in size. 7. 
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No 


Stereo-pair, apical view of fruit, showing rounded pentagonal outline with Ave elnencal germination valves USNM 422390. 
PCN): 5: 
Same specimen, basal view, showing small central scar and relatively smooth surface. PC, = 5.5. 
Same, lateral view, showing germination valves in apical half. PC, x 5.5. 
Isolated locule cast, lateral view, showing oblique apical truncation corresponding to the germination valve of the fruit. UF 
6664. PC, x5 
Same, dorsal view, showing median ridge along the apical truncation. PC, x5. 
Successive transverse sections from apex to base of the specimen in figs. 1-4. RL, x6. 
7. Section near the apex, above the level of locules and central vascular strands. 
8. Section showing the central vascular bundles and five locules, each with a pair of shutter-like germination valves 
(arrows). 
9. Nearly equatorial section, showing interlocular lacunae. 
10. Equatorial section showing thick outer wall and five locules alternating with five lacunae. Seeds with embryos are 
preserved in two of the locules. 
11. More basal section, below the interlocular lacunae. 
12. Basalmost section. 
Transverse section of a fruit in which one of the five germination valves has opened, admitting sediment to the locule. UF 
5708. RL, x6. 


. Apical view, specimen from the London Clay flora for comparison with the Clarno fossils. BM v30096. RL, 5.5. 
. Apical view of a rare tetracarpellate specimen. USNM 424851. PC, *5.5. 

. Same, lateral view. PC, = 5.5. 

. Same, sectioned longitudinally. RL, 6. 
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3, LRU AVON AOLEA GS of V0 (ON Girton een Fete Bele oe et tae ry AE ces eC Renn Re enc 1 eR Oey Urner a Pr ee, : 36 
1, 2. Stereo-pair, face view, specimen with ioapinudinally robedt meso- ane exocarp Paral intact. esmooth pariee of endocarp 
exposed at the upper right. Holotype, USNM 355036. RL, <7. 
3. Same, basal view, showing narrow outline and radiating ribs. RL, x7. 
4. Endocarp, face view, showing smooth surface and rounded contours; diagonally broken at upper left. UF 9418. PC, x7. 
5. Same, oblique lateral view, with broken edge showing thick endocarp wall. SEM, x 11.5. 
6. Same, enlarged to show circular funicular scar and the layer of anticlinally elongate columnar cells in the endocarp wall. 
SEM, x25. 
7. Same, more greatly enlarged, showing surface cells of the endocarp arranged in rows radiating from the funicular depression. 
SEM, x40. 
8. Transverse section showing prominent layer of columnar cells in the endocarp. UF 9420. RL, x50. 
9-15. Anonaspermum cf. pulchrum Reid et Chandler. PC, x 5. ; 37 
9. Endosperm cast, face view, showing ellipsoidal outline, transverse ruminations Anal the enciicline amie band! UF 6574. 
10. Same, lateral view, showing longitudinal raphe band and transverse ruminations. 
11. Same, apical view. 
12. Smaller specimen, face view, showing transverse ruminations. UF 5233. 
13. Same, lateral view, showing raphe band. 
14. Larger specimen, face view, showing raphe band at the margin, transverse ruminations, and radially aligned ruminations 
near the base. UF 5234. 
15. Same, lateral view, showing raphe band partially broken away revealing vascular strand. 
IG=I'SSeA nOnaspermuUmiDONeSIL Sp NOVA HOlOty pes USNM) 353975. 4255 02 scicsee. oseciete seo Sener «ie cles cosas ooo) ayhevey ts capes 38 
16, 17. Stereo-pair, endosperm cast, face view, with adhering remains of the seed coat with fibers poraneedh ina ‘fase Satter 
18. Same, lateral view, showing narrow thickness. 


Figure 
iT 2) 
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Page 
Anonaspermum rotundum sp. nov. Holotype, USNM 435099. PC, x4. ......... eae DE aOR TIM EN city hd Eh-6 38 
_ Face view showing wide elliptical outline and radial arrangement of ruminations. 
Same, lateral view showing seed thickness and course of the raphe. 
ee OFEPONENSIS: BEM AESLISPs MO Vier 20 Dine ted eras on ote cee ereeae aie Teles avela efstehs Coase canara ee op esare os ev REE eet 38 


3. Compressed fruit showing pedicel, D-shaped mericarps, epigynous penianth Grows) and persistent ecaned et Holoress 
OMSI Pb8 10. 
4. Specimen with larger mericarps and persistent styles. OMSI Pb1779. 
Extant Pseudopanax david (Franch.) W.R. Philipson, fruit for comparison with figs. 3 and 4. Western Hupeh, China. E.H. Wilson 


1957\(MO): RE, 5... ae : aioe Brot Me ee tes niteoc.c oc 38 
Mi GOnylOldessNAncOckil. Pen .El SPs WOVs, ease hese teate 2 covert) ce aie ters aie ee ence elo eee ee eee 39 
6. Chalcedony nut cast, apical view, showing convergence of longitudinal striations ‘ounrd the eee projection! UF 8494. PC, 

x 1.25. 
7. Same, basal view, showing outer circular scar of involucre attachment and an inner, more jagged circular scar where vascular 
strands originating in the involucre passed into the base of the nut. PC, = 1.25. 
8. Same, lateral view, showing smooth rounded outline, longitudinal striations, basal involucre scar and apical stylar projection. 
PEG} X25: 
9. Nut cast, lateral view, showing longitudinal striations and basal involucre scar. Holotype, UF 8497. PC, x 1.25. 
10. Same, basal view, showing jagged-margined circular area where the vascular strands passed into the involucre. PC, x 1.25. 
11. Siltstone mold from holotype specimen in figs. 9 and 10, showing prominant longitudinal ribs of vascular strands representing 
the impression of the outermost fruit layer. RL, = 1.25. 
12. Fractured nut with cast of the seed inside, basal view showing shriveled globose seed and circular hilum (arrow) within the 
fractured nut wall. UF 8498. PC, «1.25. 
. Extant Corylus sp. nut with involucre removed for comparison with Coryloides. UF mod. ref. coll. .............-.......... 39 


13. Lateral view showing globose form, smooth surface with merdional ribs, and prominent basal involucre scar for comparison 
with figs. 8, 9. RL, x 1.25. 

14. Basal view, showing irregular, more or less circular involucre scar with a narrow, zig-zag border for comparison with figs. 7, 
LOS RE, 31:25. 

15. Transverse section showing wall of nut containing numerous large vascular bundles. RL, ~ 2. 

Coryloides hancockii sp. nov. eos 39 

16. Partially compressed specimen similar to that of fig. 11, Shows longitudinal nibs UF 9898. RL, x1. 25, 

17. Same, transversely sectioned, showing prominence of the longitudinal ribs. Contrast with fig. 15. RL, x2. 

18. Same, transverse thin section, showing vascular bundles within the ribs. RL, x 5. 
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Sy) ALR AIS ells ClbR DDI NON ao pou ec Se oor OR naod Snod Baan On OO eNGcd Unobeanoobs Cuccnbos Subd SEs Coc aac Ebee race 40 
1. Locule cast, face view, showing median longitudinal groove and pointed apex. Holotype, ‘USNM 435077. SEM, x23. 
2. Another specimen, somewhat wider, face view, showing faintly cordate base. USNM 435076. SEM, x21. 
3. Same as fig. 1, lateral view, showing narrow profile, pointed apex and rounded base. SEM, * 25. 
4. Apical view. USNM 424750. SEM, x21. 
5. Basal view. USNM 424076. SEM, x21. 
6-17. Bursericarpum oregonensis sp. nov. Pe eRe eee ococs, = cua) dye. 2, St Spence opete suede cities ramet, es Sar arte 40 
6. Endocarp, ventral view, showing ovoid oneline! padi transverse Slncental slit USNM 424887. PC, x 5. 
7. Same, lateral view, showing rounded dorsal margin and ventral notch corresponding to placenta. PC, x5. 
8, 9. Stereo-pair of endocarp, face view, showing transverse placenta and median ventral angle. Holotype, USNM 424885. PC, 
x5. 
10. Same, apical view, showing triangular outline of the dorsal and ventral faces and the placenta slit seen on the ventral faces. 
PEeX5: 
11. Endocarp showing ventral placenta and ovoid outline. USNM 434955. PC, x5. 
12. Same, dorsal view, with much of the endocarp wall fractured away, exposing the locule cast. PC, x5. 
13. Chalcedony fruit cast, lateral view, broken apically, with veins of exocarp preserved. USNM 355491. PC, x5. 
14. Same, basal view, showing angle of ventral faces and convex-rounded outline of the dorsal face. PC, x 5. 
15. Median longitudinal section showing thickness of endocarp wall. UF 6648. RL, x7. 
16. Locule cast, ventral view showing prominent placental cavity. UF 6663. x7. 
17. Same, apical view. x7. 
18, Ns JeWAYaTasi TIT Sonos aund deen Abee Gd SEE EGO On 4 GOODE Bobo ae ma Dao Den ane oracs 5 Dac Onu Ue oeH Sein ass Akio SEead See EGS cee 41 
18. Endocarp, ventral view, showing median entra ane and transverse placental ait ‘UF 6655. SEM, x17. 
19. Same, lateral view. SEM, x17. 
20. Betulaceous fruit similar to Pa/aeocarpinus with spiny bract arising from small nutlet similar in size to the locule casts of 
KardiaspermaawestpranchiGreeksocality 2305 WRt98 852 Xi2-9> ctsc ence ese ahens eee cite e ols eels id aeis sera eds ecto ls 40 


138 


Figure 


1-15. Cornus clarnensis sp. nov. : ae : : 
1. Endocarp, lateral view showing elliptical outline. Holotype, USNM 422378. PC, *7.5. 
Deas 
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Same, stereo-pair, rotated 90°, showing longinudianal vascular grooves. PC, 7.5. 
Shorter, wider endocarp, lateral view. USNM 424702. PC, x 7.5. 
Basal view of holotype as in figs. 1-3, showing circular outline and prominent vascular grooves. PC, = 7.5. 
Basal view of specimen in fig. 4. PC, = 7.5. 
Transverse section of specimen in figs. 1-3, and 5, showing two locules. Note absence of a median vascular bundle in the 
septum. RL, = 10. 
Transverse section of specimen in figs. 4, 6. RL, x 10. 
Trilocular specimen. USNM 355397. 

9. Lateral view, with pericarp partially broken away revealing shiny chalcedony locule cast. PC, x 7.5. 
10, 11. Stereo-pair, showing subglobose shape, locule cast seen in dorsal view. PC, = 7.5. 

12. Transverse section showing the septum and three locules. RL, x8. 


. Transverse section of the holotype, enlarged from in fig. 7, showing seed shriveled inside the locule, and vascular bundle 


distal from the septum (arrow). RL, = 20. 


. Same specimen, transversely sectioned closer to the apex, showing single layer of cuboidal cells surrounding the locules and 


forming zones of weakness along the planes of dehiscence (arrows). RL, x 30. 


. Peel from specimen in fig. 8, showing thick layer of isodiametric sclereids comprising the endocarp. TL, x 60. 
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1-3. Mastixia sp. ... ; ee 42 
1. Transverse section Of an Rien acca ail ahenne) matrix, oneetiny srapodine outer wall and Butlin Of endl coat ASN the 
locule. UF 6502. Etched, RL, = 6.5. 
2. Transverse section of an endocarp in matrix showing typical thick dorsal infold and lines of dehiscence. UF 6303. RL, 6.5. 
3. Transverse peel of endocarp wall, showing inner layer of horizontally aligned fibers, and an outer layer of obliquely aligned 
fibers. UF 6502. TL, x 30. 
4-11. Mastixioidiocarpum oregonense Scott. 43 
4. Transversely fractured ae in matrix, showing prenently cenit icabves of endecarn tl peiaaeely narrow darcal 
infold. UF 9207. RL, x 
5. Transverse section of ae in matrix, with the surface sculpture worn by erosion, showing narrow dorsal infold, and a pair 
of lacunar canals adjacent to the lines of dehiscence. UF 9269. RL, x 5.5. 
6. Same, detail of wall, with lacunar canal. RL, = 15. 
7. Same, showing swirling tracts of fibers. RL, = 30. 
8. Latex cast prepared from the sedimentary mold of an endocarp, showing rough external sculpture and ovoid shape. UF 
9206. x2.5. 
9-11. Fossil boat-shaped locule cast recovered from the mold of the specimen in fig. 8. x 3.5, 
9. Lateral view showing smooth surface, pointed apex, rounded base. 
10. Ventral view showing the convex surface. 
11. Dorsal view showing the median groove. 
12-15. Mastixicarpum occidentale sp. nov. ...... : Be ferscriths 44 
12. Fruit in matrix, broken and revealing Elongete! bhoate Raped iecuien cast. UCMP 10705. Re, x2 S 
13. Transverse section of the same specimen showing thick wall including epicarp with smooth surface. Note seed within the 
locule and line of the dehiscence plane within the endocarp (arrow). RL, x 3. 
14. Fruit in transverse section showing slight separation of epicarp from the endocarp, particularly apparent at lower left. 
Holotype, UF 8740. RL, = 3. 
15. Same, detail showing swirling tracts of fibers in the endocarp and anticlinally oriented fibers of the epicarp. Note secretory 
canals in outer layer. RL, x 15. 
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1=105angetoniaybisulcatagReidiet:Ghandler yaseccr ne sees ee eee oe ote aed eis een ce neen ene ae eee 44 


10. 


11-19. Nyssa 


Il. 


12. 
13-15. 


16. 
GE 
18. 
19. 


Complete endocarp in matrix, longitudinal view. UF 8731. x2. 

Broken endocarp with the two locule casts protruding, longitudinal view. UF 8734. x2. 

Apical view of the same specimen. * 2. 

Etched transverse section of the endocarp from fig. 1, with one of the locules abortive. x 2. 

Isolated locule cast, ventral view, showing elongate, convex ellipsoidal outline and the median longitudinal raphe. UF 
8738. x2.5. 

Same, dorsal view, showing pair of grooves corresponding to infolds of the endocarp. x 2.5. 

Transverse section of a typical endocarp showing thick wall, two fully developed w-shaped locules, and faint lines delimiting 
the germination valves (arrows). UF 8730. x 2.5. 


. Transverse section of a small fruit with one fully developed locule. Note the epicarp preserved as a dark layer surrounding 


the endocarp; dorsal infolds (arrows) can be seen corresponding to an abortive locule, as well as those corresponding to 
the fully developed locule. USNM 424875. x 2.5. 


. Acetate peel from fig. 8, magnified to show fibers making up the endocarp and remains of a seed within the underdeveloped 


locule. USNM 424875. TL, x30. 
Acetate peel from specimen in fig. 8, showing endocarp made up of variously onented fibers, intruded and surrounded by 
the epicarp of thin-walled cells. Secretory canals present in the epicarp (arrows). TL, x 30. 

spatulata (Scott) comb. nov. SR EN ee EE eS ce ke en ee a NE Re A MSE ee a Secs 30 45 


fig. 16. UF 6842. x 1.8. 

Abraded endocarp showing elliptical outline of germination valve. USNM 40543. x 2.5. 

Isolated locule cast. UF 6838. 2.5. 

13. Ventral surface, showing obovate outline. 

14. Dorsal surface. 

15. Lateral view, showing curvature, ventral surface to the left. 

Transverse section of fig. 11, showing three c-shaped locules, thick wall and undulate margins of the endocarp. x 2.0. 
Apical view of fig. 12, showing the outline of 3 protruding locules casts delimiting three germination valves. x 2.5. 
Transverse section of a complete endocarp preserved in matrix. UF 6837. RL, x 2.5. 

Anatomical detail of endocarp from section in fig. 18, showing masses of fibers oriented in different directions. TL, x 50. 
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sae SGOLLLIES Din OV mere reiateas eee iciate ease Pope wes) 
. Chalcedony endocarp cast, Sinterl view, with one aff the pComnarion waite: pemoned Holotype. ‘USNM 354588, PC, x 4.5, 

. Same, apical view, showing the three germination valves, the one on the left broken away. PC, 4.5. 
a Ba Peet a tmeea aay teks echoiee leila vee Foncece “46 
3. Large ceileentac endoery. laterally view, showing pounded apex ana jeneertainal acess grooves. _UF 9757. x <1. a 
4. Same, sectioned transversely, showing thick endocarp wall and single locule. RL, = 1.5. 
5. Same, detail of endocarp wall showing swirling tracts of fibers. RL, = 30. 


SE Gasianopsisicrepelti:sp: NOW-ELOlOtY Peat 92 On 1 cetacnane sick pia's claps sau pais ss ces esis leis auseeictes coe ee eis sos nate ree #40! 
6. Complete fruit including cupule, viewed basally, shonin sieanthye amedtts x25 5 
7. Same, viewed laterally, with portions of wall broken away revealing locule cast which is pointed apically and truncate basally. 
x 1.25. 
8. Same, basal view, showing undulating circular outline of locule cast. x 1.25. 
9. Transverse section of the wall from fig. 6, showing dark endocarp layer surrounded by the adnate cupule. RL, x 2. 
10. Detail of tranverse section, showing relatively dense tissue of the nutshell (lower half of photo), and less compact tissue of the 
cupule (upper half of photo). Note islands of concentrically arranged fibers in the nutshell. RL, x 12.5. 
11. Same, detail of nutshell, showing concentrically arranged fibers. TL, x75. 
Extant Castanopsis piriformis Hick. et A. Camus. Vietnam. M. Poilane 30313 (US 2493106). ................. Soc mL 


12. Apical view, showing relatively smooth circular outline, for comparison with fig. 6. = 1.25. 

13. Lateral view, showing saw cut for transverse section in fig. 14. = 1.25. 

14. Transverse section of the wall, showing nut surrounded by adnate cupule; cf. fig. 9. RL, x2. 

15. Same, thin section of the nutshell, showing islands of concentrically arranged fibers and an adjacent duct with dark contents; 
cChefigs lee, x<e7/ 5: 

Quercusipaleocarpa’ Manchester, 22.422. 4224-40 anes sens: Pony Ratti oe ee syach oes tctehans Secs OAT, 

16. Acorn, lateral view with nut and pureded Gua Holotype, OMSI Pb176._ x A. 25, 

17. Same, apical view showing circular outline of the nut. x 1.25. 

18. Isolated cupule in matrix, lateral view, showing concentric transverse ribs. USNM 414508. x2. 
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1-16. Saxifragispermum tetragonalis sp. nov. Ee ORO a ORO ORS oes 48 


ll. 


oo 
an 


A complete fruit viewed laterally showing the smooth surface, more or less rounded base and pointed apex. UF 6471. x 4.2. 


2. A similar fruit with some of the outer layer flaked away, revealing median longitudinal placental band. UF 6474. PC, x4. 
3: 


A fruit with some of the wall removed in the apical half, exposing two rows of seeds attached to adjacent longitudinal placental 
bands. UF 6477. 4. 


. Stereo-pair of a specimen with large portion of outer wall broken away revealing numerous seeds. Holotype, UF 5236. x4. 
. Base of the specimen shown in fig. 2, showing four-fold symmetry, and four circular apertures corresponding to the placental 


bundles. PC, x5. 


. Specimen from fig. 1, sectioned transversely, showing the medial position of the placenta on each of the four valves of the 


fruit (arrows). Some of the seeds are preserved showing thin seed coat. Etched, RL, 8. 


. Transversely sectioned fruit in siltstone matrix, showing four parietal placentae with attached seeds. USNM 354008. RL, x8. 
. Same, enlarged more, showing arrangement of seeds around the placenta and pair of vascular bundles within the placenta. 


RL, x25. 


. Detail from fig. 5, showing ovoid seeds in attachment to the placenta. Subsequent transverse sectioning revealed that the row 


of seeds on the left are borne on the placenta to the left, while the row on the nght corresponds to another placenta. SEM, 
x 8.5. 


. Longitudinally fractured fruit, showing dense mass of tortuous, more or less longitudinal, fibers and the impression of several 


seeds. UF 6575. SEM, x 20. 


. Same, showing a seed fractured along the inside of the seed coat showing horizontally elongate hexagonal cells surrounded by 


fibers of the pericarp. SEM, x 155. 


. Outer surface of a seed surrounded by fibers of the pericarp. SEM, *85. 

. Finer detail of same, showing the rectangular outline of seed coat cells. SEM, = 400. 

. Detail from fig. 7, showing two seeds (arrows). Seed on right shows rectangular cells of seed coat. RL, x 120. 
. Seed from section in fig. 7, showing peripheral trichomes and shriveled inner layer of seed coat. RL, = 140. 
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l= 13S Roriunecarites\endressil genet Spy MOVs east cise iseeeie i tee ie Hiei ais 2/8 seas Oe ele ae ; aise ae e449 
1-5. Permineralized infructescence. Holotype: OMSI Pb156. (Gaunterpant of USNM 354581). 
1. Infructescence fractured longitudinally. OMSI Pb156. RL, = 1.5. 
2. Counterpart, showing stout axis and longitudinally fractured bilocular fruits. USNM 354581. RL, x2. 
3. Tangential section of the axis in fig. 2 showing the bilocular capsules in transverse view. RL, x 3. 
4. Same, showing thin septum between locules and thick endocarp wall. RL, x5. 
5. Transverse section of the axis in fig. 2, showing radiating fruits. RL, x 2.5. 
6. Paired locule casts from a single fruit, face view. UF 9258. PC, x6. 
7. Same, apical view of the locule casts, cf. fig 4. PC, <6. 
8. Isolated locule cast removed from the infructescence in fig. 2, lateral view. USNM 354581. PC, x8. 
9. Same, ventral view. PC, x8. 
1. Stereo-pair, internal mold of seed coat, face view, showing band of the raphe traveling along the lower 3/4 of seed periphery. 
USNM 424651. PC, x8. 
12. Same, basal view, with the raphe offset toward one side. PC, x8. 
13. Same, rotated 90° from fig. 11. PC, <6. 
4 N6sstaminateshamamelidaceousinflorescence: Wiki 55 Ole aeriserseisie crs crcte sts ccc/oor ceslster-/as epee caved (eb cneyeuedsy tet they -teyeiaystsvstcts/stenst-peveyecheyevenst 50 
14. Medial section through inflorescence in siltstone matrix, Bhawan at least seven florets in oblique-lateral view. Each floret 
set off by perianth and containing conspicuous stamens. Etched, RL, x7. 
15. An individual floret from the same inflorescence sectioned transversely near the apex showing five anthers with interspersed 
small staminodes surrounding clumps of pistillode hairs. Etched, RL, x 14. 
16. Same, sepal in transverse section showing stellate trichomes on the abaxial (left) surface and and simple trichomes on the 
adaxial (right) surface. TL, x65. 
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1-5. Staminate hamamelidaceous inflorescence, continued. UF 5567 ...... ee Nt a SOE RN Rs tao boone 
1. Anther in transverse section from the floret in Pl. 14, fig. 15, showing pollen wathnd the fection: Thins section, oR x 60. 
2. Same, enlargement showing globose tricolpate pollen grains preserved within translucent silica. TL, = 250. 
3. Tricolpate reticulate pollen in situ within an anther. Etched, SEM, = 750 
4. Polar and equatorial views of the pollen, showing reticulate ornamentation and elongate colpi. Etched, SEM, = 1500 
5. Detail of exine showing smooth wall of the aperture and columellae beneath the reticulate tectum. SEM, x 7500. 
6. Hydrangea sp. sterile flower from Gonser Road Clarno locality 238. UF 9962. .. es A aiialnt iste diate oeee ee Sl 
1,8. HydranveavknowllOnit Spx TlOVer sees: ca) ctleele StS cies ede Pe nce eee eis 20.8 PA eee cane nen ee 
7. Fruiting panicle from the Nut Beds showing Aopen SAnenee Gaacnine An numerous peeoules OMSI Pb697. x 2. 
8. Counterpart of same, enlarged to show capsule with two styles, thickened apical disk and longitudinal striations. x 8. 
9. Extant Hydrangea arborescens L. Fruiting panicle with persistent fertile flower. Fruits showing longitudinal striations, thickened apical 
disks and two styles each. Summit Lookout Mountain, Tennessee. A. Cuthbert, Sept. 16, 1908 (FLAS 9652). x2. ............. 51 


PALAEONTOGRAPHICA AMERICANA, NUMBER 58 PLATE 15 


PALAEONTOGRAPHICA AMERICANA, NUMBER 58 PLATE 16 


CLARNO (EOCENE) FRUITS AND SEEDS: MANCHESTER 145 


EXPLANATION OF PLATE 16 


Figure Page 
1-15. Hydrangea knowltonii sp. nov... . TR ST RT Te ee as HTT ied UTE eT EER TEC BE ENTS PTT AGS) Poses ee 50 
1. Tricarpellate capsule, apical view, showing triangular cast of dehiscence opening. Holotype, UF 6445. SEM, x8. 

2. Tricarpellate capsule, basal view, UCMP 10669. x8. 

3. Bicarpellate capsule, basal view, showing wedge-shaped cast of dehiscence opening. UF 6444. x 10. 

4. Same, basal view, showing thickness of septum. PC, x 10. 

5. Same, lateral view, showing apical wedge where the capsule was splitting. PC, = 10. 

6. Lateral view of the holotype, cf. fig. 1, showing transverse striations. = 8. 

7. Basal view of a bicarpellate specimen. Note fingerprint pattern of fine transversely oriented striations. UF 8696. x8. 

8. Same, sectioned transversely, showing pair of deeply intruded panetal placentae. Etched, RL, = 10. 

9. Same, prior to sectioning, lateral view, showing transverse fibers of the endocarp and remains of the mesocarp composed 
of small polygonal cells and longitudinal fiber bands (arrows). UF 8696. SEM, x15. 

10. Transverse acetate peel section of the tricarpellate specimen in fig. 2, showing deeply intruded, parietal placentae and 
scattered dislodged seeds (arrows). UCMP 10669. TL, x 10. 

11. Transverse section of a bicarpellate fruit, showing single locule with deeply intruded, parietal placentae and loose seeds. UF 
6446. Etched, TL, = 10. 

12. Thin section of a fruit showing three seeds. UF 9385. RL and TL, x50. 

13. Thin section of the same fruit showing seeds with embryo in cross section. RL and TL, x50. 

14, 15. Isolated seeds from fruit dissolved in hydrofluoric acid. UF 9883. TL, = 50. 


16. Extant Hydrangea anomala D. Don. Seed showing stout hilum, elliptical central body and surrounding wing for comparison with 
figs. 14, 15. Ishikari Province, Japan. K. Miyabe (Mo 3838165). RL and TL, 30. .................. RES Mian eC meee Y | 
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1-8: Jodes) miltireticulata Reid etsChandlers << sesccd 2 c,a8nG ac kiew o ove ces tes eal ae ae ase & Aes Ee te ee 51 


9-16. lodes chandlerae sp. nov. 
9. 


le 


tN 


6. 
Ts 


8. 


10. 
WE 


1 


14. 


15, 16 


Chalcedony endocarp cast, face view, sowing areolaté pattern of ne ages ane more or less elliptical outline, UCMP 
10702. PC, x5. 

Apical view of same, showing median keel with a raised trough (arrow) representing the funicle. PC, x 5. 

Stereo-pair of endocarp mold in siltstone, face view, showing the characteristic reticulum of surface ridges with funicle 
following fruit contour (arrow). UF 6458. = 5. 


. Chalcedony locule cast from the same specimen as in figs. 3, 4, face view, showing reticulate surface, median longitudinal 


groove representing path of the raphe, running between the hilum (h) and chalaza (c). PC, = 5. 

Same, apical view, showing relatively narrow outline and keel in plane of bisymmetry. PC, x 5. 

Same, enlarged to show punctate locule cast surface. SEM, x 20. 

Detail of same, showing rows of circular punctae representing papillae of the locule lining. SEM, x 280. 

oe eee 53 
Chalcedony locule cast an very aint surface reticulations. The focule cast 1S paniaily Booker to enow the smooth seed 
cast inside. Note median groove of the raphe (r). Holotype, USNM 424743. PC, <5. 

Same, basal view showing smooth contour of the seed, the circular chalaza (c), and groove of the raphe (r). PC, x5. 

Same, detail of locule cast surface, showing characteristic punctae. SEM, = 100. 


2. Same, detail of seed cast surface, showing rows of rectangular cells. SEM, x 100. 
113; 


Locule cast, face view, showing truncate base and asymetrical apex with weak median ridge and very faint reticulum. USNM 
422383. PC, x5.5. 


Same, lateral view, showing pointed apex, truncate base and longitudinal keel in plane of bisymmetry. PC, x 5.5. 


. Same, basal view, showing the intersection of ridges forming a cross pattern. PC, = 5.5. 
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Todicarpa ampla gen. et sp. nov. * 1.25. ..... ree ar 53 
1. Endocarp, face view, showing longitudinally Pulte aa verrucate surface. Holotype. USNM 354788. PC. 
2. Somewhat abraded specimen, face view, showing rough, longitudinally ribbed surface. USNM 354789. 
3. Mold of an endocarp in siltstone matrix, showing veinlike reticulum. USNM 446085. 
4. Endocarp, face view, showing showing reticulate pattern of surface grooves. UF 8618. PC. 
5. Holotype as in fig. 1, apical view, showing roughly lensoidal outline. 
6. Transverse section of specimen in fig. 2, showing elliptical outline of locule, horizontal plane of dehiscence, and funicular canal 
(arrow). 
. Todicarpa lenticularis sp. nov. x1. . : : : d we 54 


7. Endocarp, face view, showing elliptical outline Pal Pelaneely cna Sunes! Holotype: ‘USNM 354816. 

8. Smaller specimen, face view. USNM 354796. 

9. Apical view of specimen in fig. 7, showing lensoidal outline and course of funicle along the mght margin. 

10. Same, transverse section showing thickness of wall and outline of locule, partially filled with chalcedony and quartz crystals. 
x1. 


. lodicarpa ampla sp. nov. Transverse section of specimen in figs. 2, 6, showing pappilate locule lining (above) and elongate, sinuous- 


walled cells of the endocarp. L, x30. .. : eek ; : a MRR is gc Mette a2 eevee eae 53 


. lodicarpa lenticularis sp. nov., details of one Hehe was HSN Lo OEE Ren eRe RCS Oc Op 54 


12. Transverse section of holotype, figs. 7, 9, 10, showing papillate ioeule fine (nove) end sinuous- ewalled colle mah inrencellular 
spaces of the endocarp. TL, x75. 

13. Transverse section of the specimen in fig. 8, showing papillate locule (above), and full thickness of endocarp with tissue grading 
from more or less horizontally aligned cells near the locule to vertically aligned cells distally. TL, x 30. 

14. Same, showing thin seed coat, papillae of the locule lining and intracellular spaces within the endocarp tissue. TL, x75. 
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Figure 
1-9. Comicilabium atkinsii gen. et sp. nov. 
1. 


10-14. 
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Endocarp, apical view showing Rinioulae pues Holowee USNM 354783. PC, x I. 8. 


2. Same, ventral view, showing longitudinal groove leading to the funicular bulge. PC, = 1.8. 
3. Same, basal view showing radiating meridional grooves. PC, = 1.8. 
4. Somewhat abraded endocarp, apical view showing the transverse funicular slit; source of sections in figs. 7, 9. USNM 446084. 
x 1.5. 
5. Holotype as in figs. 1-3, lateral view showing longitudinal grooves and the apical funicular bulge. PC, x 1.5. 
6. Dorsal view of an endocarp showing longitudinal groove in plane of bisymmetry, and apical funicular bulge. UF 8596. PC, 
xls: 
7. Same specimen as in fig. 4, sectioned transversely, showing thickness of endocarp wall, and the seed with two thick cotyledons. 
RL, x2 
8. Transverse thin section of the specimen in fig. 6, showing thickness of endocarp wall. RL, = 10. 
9. Detail from fig. 7, showing balloon-like papillae lining the locule. RL, «185. 
PyrenacanthaOccidentalisisp: MOV. «ieam sckoa osstkieisia.a ie se 2 Fe pees, Sea eee 2 Fe aa eee ee 577, 
10. Endocarp, face view, showing ovate uiine and punctate exterior. oleh UCMP 10708. x ih 5: 
11. Same, basal view. x 1.5. 
12. Same, sectioned transversely, showing thin endocarp wall and elongate endocarp projections into the locule. RL, x 1.5. 
13. Same, magnified to show tubular structure of the endocarp projections. RL, = 7. 
14. Same, anatomy of endocarp projection showing elongate, undulate-walled cells. RL, = 20. 
§. Extant icacinaceous fruits. Hairewure WoW 
15. Pyrenacantha zenkeri (sp. Moore) Exell. ‘trans erse cas of fruit showing thin endecand il with elongate! protrusions into 
the locule. Angola. Gossweiler 8730 (BARC). RL, x 
16. Phytocrene macrophylla (Bl.) Bl. var. macrophylla ae H. Sleumer). Endocarp with typical surface pitting. Leyte Island, 
Philippines, January 1906. A.D.E. Elmer 7134 (A). x 0.9. 
17. Phytocrene oblonga Wall. Transverse section showing pits of the endocarp without protrusions into the locule. ““Austro Cohui 
Chinae’’. L. Pierre 2837 (A). *2:5. 
18. Jodes cirrhosa Turcz. Papillate lining of the locule. Perak, Ipoh, Malaya. S.C. Chin 994 (L 401157). SEM, 27.5. 
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1-5. Palaeophytocrene hancockii Scott. set 5 cih's OL RAE Bee EATS SECA SE ea F ue: cher came et 56 
1. Locule cast, face view view showing CRorminent aie and obovate ‘outline: USNM 31 2751, x <1. 
2. Same, lateral view, showing thickness and narrowed apex. * |. 
3. Transverse section of permineralized endocarp; some of the wall has broken away from the locule cast. Note thickness of wall, 
hollow protrusions into the locule, and shriveled seed coat. UF 9567. RL, = 1.25. 
4. The same, magnified to show detail of endocarp wall including a protrusion into the locule. RL, x 7.5. 
5. Anatomy of the endocarp showing interdigitating cells and tiny papillae lining the locule (top of figure). UF 9567. RL, x60. 
6-13. Palaeophytocrene pseudopersica Scott. .... Be oe 56 
6. Endocarp, face view, with pitting indistinct at t the sens prior to Becipnice Gs: 9, | 1). UF 8597. x I. 5 
7. Endocarp with part of the outer layer broken away revealing numerous pits. UF 8608. x 1.5. 
8. Locule cast with adhering remains of the endocarp. OMSI Pb181. = 1.5. 
9. Same specimen as in fig. 6, lateral view, showing thin profile (contrast with fig. 2), and position of transverse section shown in 
fig. 11. x 1.5. 
10. Same, basal view, showing cross-shaped intersection of longitudinal ribs. = 1.5. 
11. Same, transverse section showing relatively thick wall, hollow protrusions of endocarp into locule, and collapsed seed coat. 
37255) 
12. Locule cast, face view, showing prominent pits and wide, nearly circular, outline. UF 8599. x 1.5. 
13. Same, lateral view, showing thickness and apical keel. x 1.5. 
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1. Chalcedony nut cast, lateral view, Showing smooth alligieal ret small apical projection and me HEGOAl grooves. UF 5338. 
PC, xills:. 
2. Same specimen, apical view, showing smooth circular outline with about 12 meridional grooves. PC, x 1.5. 
3. Nut opened along the plane of dehiscence showing thick wall, and the locule with two prominent cavities corresponding to 
the two cotyledons. UF 4872. x2. 
4. Permineralized nut, transverse section showing two lobes of the locule, two distinct placental bundles in the primary septum, 
and four flattened lacunae in the nut wall. UF 7965. RL, * 2.5. 
5. Chalcedony locule cast, lateral view showing extent of primary septum. UF 9461. x2 
6. Same, rotated 90°, showing straight shoulder regions, median line of dehiscence and rounded base of lobes without development 
of a secondary septum. * 2. 
7. Chalcedony locule cast in lateral view showing position and extent of primary septum, and two cotyledon lobes. UF 9458. 
x? 
8. Same, rotated 90°, indicating weak formation of a secondary septum. * 2. 
9. Same, viewed apically, orientation the same as specimen in fig. 4. x 2. 
lO=I. Cruciptera simsoni(Brown), Manchester, o cc Geese oso cuss e oles crete c ceveveee.ttciete s vicie © «are eucie ee & esac cicneeceeieteeie ee nano Si 
10. Transversely compressed samara viewed apically sreaine toa elonente wings tadiatine fone a Groner mute’ OMSI Pbl 580. 


x 1.5. 


1. Smaller specimen with well-preserved nutlet as seen in fig. 14. UF 9612. x2. 
2. Longitudinally fractured specimen showing elongate pedicel (p) and the wings arising equatorially from the nutlet. OMSI 


Pb899. x4. 


. Detail of wing showing subparallel, thin dichotomizing venation. OMSI Pb776. 5. 


Detail of nutlet from the samara in fig. 11, sectioned transversely showing plane of dehiscence, oriented vertically, and three 
lobes of the locule; a fourth locule lobe, upper right, is not preserved but may be inferred from the symmetry. RL, = 10. 


. Transverse section in the basal one-third of an isolated silicified nutlet showing four lobes of the locule, delimited by thick 


primary horizontal and secondary vertical septa. UF 8867. RL, x8. 
Same, sectioned closer to the equator, near the top of the secondary septum, with the four basal lobes of the locule joining to 
form two lobes. Note lacunae in the wall at both sides of the primary septum. RL, x8. 


. Chalcedony locule cast showing basal cleavage from the primary and secondary septa. USNM 354375. SEM, ~ 10. 
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1-8. Paleoplatycarya? hickeyi sp. nov. ie ; Serra Brae Hops ae ae error 60 
1. Infructescence after dispersal of fruits, lower half showing natural longitudinal fracture, upper half sectioned longitudinally, 
revealing broadly triangular helically arranged bracts. UF 9251. x3. 
2, 3. Stereo-pair, longitudinally fractured permineralized infructescence, showing stout axis and intact locule casts (arrows). Holotype, 
UF 6454. x5. 
4. Same infructescence fractured transversely, showing two bilobed locule casts (arrows) arranged around the central axis (a). 
KHL DS 
5. Locule cast removed from the same infructescence, showing prominent groove of the primary septum, rounded base of lobes 
and pointed apex. SEM, x 16. 
6. Isolated locule cast, face view, showing cleft from primary septum. UF 8763. SEM, x 20. 
7. Same as fig. 5, apical view, showing narrow dorsiventral thickness. SEM, * 15. 
8. Same, basal view. SEM, = 16. 
9-17. Cf. Palaeocarya clarnensis Manchester. she : Saat nireps saeyneieres: aoe ; See 59 
9. Isolated locule cast. UF 8756. SEM, x15. 
10. Permineralized nut, lateral view, with part of the nutshell fractured away, revealing the locule cast with a median cleavage 
corresponding to the septum. USNM 424640. PC, x 10. 
11. Same, rotated 90°, showing acute base and median longitudinal mb. PC, x 10. 
12. Same, apical view, showing rounded outline and single longitudinal rib (lower part of figure). PC, = 10. 
13. Same specimen, sectioned transversely near the equator showing thin fruit wall, incomplete primary septum and shriveled 
seed within the bilobed locule. RL, x 15. 
14. Nut, lateral view, showing elongate-conical base of nut. Nutshell broken away in upper half, revealing the rounded, apically 
pointed locule cast. Note the prominent median longitudinal rib. UF 9361. SEM, x 10. 
15. Chalcedony locule cast showing smooth contour and median line of dehiscence. Note absence of secondary septum development. 
UF 8752. SEM, x12. 
16. Same, apical view, showing plane of dehiscence (vertical) and septum (horizontal). SEM, x 12. 
17. Nut sectioned transversely near the equator, showing endocarp with line of dehiscence and septum. USNM 458416. RL, «15. 
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1-8. Lindera clarnensis sp. nov. ; . ots ele , eee ORE: Aa ee 61 
1, 2. Stereo-pair, ventral view, showing globose shape and faint ridge running from the equator to the apex. USNM 424728. PC, 
ey 
2, 4. Same, stereo-pair, apical view, showing circular outline and ventral mdge. PC, = 7.5. 
5. Same, sectioned transversely, showing thin testa and vertical line separating the large planoconvex cotyledons. RL, = 10. 
6. Specimen, with remains of endocarp adhering to locule cast. Holotype, USNM 435006 PC, x5. 
7. Same, enlarged to show columnar cells of the endocarp. SEM, = 50. 
8. Same, detail of columnar cells. SEM, = 100. 
9-15. Laurocalyx wheelerae sp. nov. : : : ae YAP ovate peck: Pe anid ad hic 61 
9. Endocarp, basal view, showing circular outline, smooth surface and prominent attachment scar. USNM 424807. PC, x3. 
10. Same, lateral view, showing height nearly equal to width, truncation at the attachment scar. PC, x3. 
11. Endocarp dislodged from its cupule (fig. 13), basal view showing elliptical attachment scar. Holotype, UF 9406. PC, x3. 
12. Same, lateral view, showing relatively short length. PC, x 3. 
13. Same, in matrix with basally attached cupule, longitudinal section. RL, <4. 
14. Same, enlargement of cupule tissue, showing frequent oil cells with contents preserved as dark spots, and showing the contact 
of the cupule with the base of the fruit. RL, = 25. 
15. Same, detail of transition between cupule (c) and seed (s). Note the uniseriate layer of dark columnar cells of the endocarp 


(arrow). RL = 50. 
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1-3. ene hancockii sp. nov. Holotype, OMSI Pb262.. ; ELE ne eee NCR POE ree tenses fed peta vata Gotan Aiakats te ty sie aay crear ayaverace, Sreferatere 62 


. Lateral view of specimen with adhering siltstone matnx, partially broken aan fickness of wall Beroundine locule cast. 
x2. 


2. Transverse section showing circular outline, unilocular with shriveled remains of the seed. 2. 


Be 


Fruit wall showing columnar layer lining the locule and outer parenchymatous layer with stone cells. x 30. 
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4. 
ay 


6. 
ie 


Lateral view showing more or less elliptical outline and smooth Serine The base is incomplete. PC, x5. 

Transverse section showing circular outline, thick endocarp wall and remains of two large cotyledons that filled the seed cavity. 
RL, x7. 

Same, enlarged to show cells of the endocarp, locule lining and seed coat. RL, x 15. 

Same, acetate peel, showing endocarp composed of parenchyma with occasional interspersed larger, more rounded oil cells, and 
junction with seed coat. TL, = 50. 
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8. 
9: 
10. 
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Basal view, showing central attachment scar, some adhering saiene on the: ipwer left. x5. 
Lateral view, showing fine longitudinal grooves. 5. 

Same, showing transverse plane of section used for fig. 11. 5. 

Transverse section, showing thick wall and unilocular, single-seeded construction. RL, x8. 


2. Detail from transverse section, showing numerous oil cells with dark contents scattered through the mesocarp. RL, = 50. 
Se 


Detail of wall layers adjacent to the locule (lower part of figure). Note locule lining of uniseriate thin-walled columnar cells, 
next a 5—8-seriate layer of sclereids, followed by a tissue of large parenchyma cells with occasional interspersed oil cells. RL, 
x 200. 
Same, showing exocarp of columnar cells exterior to the mesocarp tissue of parenchyma cells with interspersed oil cells. RL, 
x 200. 


. Mesocarp tissue showing several closely spaced oil cells. RL, x 270. 
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Fruit with numerous seeds in listen UF 5675. x8. 


2. Same, transverse section showing seeds in various orientations. RL, 10. 
3. Isolated permineralized fruit, transversely broken. UF 5668. = 15. 
4. Same, transverse section, showing angular to rounded seeds with white embryo casts. RL, x 20. 
5. Longitudinal section showing persistent pedicel, hypogynous calyx (c), longitudinal septation (s) and radiating seeds. UF 
6449. RL, = 10. 
6. Detail from fig. 4, showing several seeds intercepted at levels showing the enlarged columnar cells of the germination valve 
(v). RL, x 40. 
7. Transverse section of a seed from the specimen in figs. 1, 2, showing the embryo cavity (e), and the ventrally thick layer 
of isodiametric cells through which the raphe (r) passes. RL. x 50. 
8. Transverse section of another seed in the same fruit. UF 5675. RL, = 50. 
9. Leguminocarpon sp. OMSI Pb1725. 1.5. re ; : tra Shape. 46a nd ahtuerecsla oS teek ee eee 63 
10-12. Magnolia tiffneyi sp. nov., chalcedony seed cast. Holotype, UF 6549. PC, x6. : ; : Pia leeiae 2 MaRS 65 
10. Ventral view, showing median raphe groove and deep cleft at heteropyle with promaning aa 


Walz: 


Dorsal view showing V-shaped moat with stalk extending longitudinally. 
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10-17. 


18. 
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20. 


Ne 


De 


3-9. 


Infructescence permineralized in sediment, transversely fractured showing thick woody folicles; note seed upper left 
Holotype, UF 6529. x3. 
Same, transverse section with four folicles radiating from the central axis. x3. 
Chalcedony seed casts. PC, x6. 
3. Ventral view, showing ovate outline, pointed hilar end and median basal raphe groove. USNM 424698. 
. Dorsal view, showing concave heteropyle area. UF 6556. 
. Smaller specimen, ventral view, showing well preserved heteropyle. UF 6546. 
. Broader specimen, dorsal view, showing slight collar at the chalaza end. USNM 424697. 


DAML 


. Stereo-pair of same specimen, ventral view, showing slight swelling or collar surrounding a small moat and stalk. 


Viewed in stereo, the stalk is seen to extend ventrally in contrast to the straight stalk of other species (cf. Plate 25, 


figs. 11, 12). 
9. Another specimen, dorsal view, showing faint collar at the base. UF 6555. 


Magnolia paroblonga sp. nov., chalcedony seed casts. PC, x4. .... Dacor ie RAO Oa ate eres 


10. 
. Same, basal view showing elongate chalazal groove. PC, x6. 

. Stereo-pair, narrower specimen showing pointed hilar end and truncate base. Holotype, UF 9192. PC, x6. 
. Same, stereo-pair, basal view showing elongate chalazal groove. PC, x6. 

. Ventral view, with elongate chalaza groove at base and longitudinal striations. UF 9191. PC, x4. 

17. 


11 


Dorsal view, relatively wide specimen. UF 9188. PC, x6. 


Same, basal view showing wide heteropyle groove. PC, x4. 


Magnolia muldoonae sp. nov. Basal view of the specimen in fig. 5. PC, x6. ....... Ae oe 
Magnolia tiffneyi sp. nov. Basal view of the specimen in PI. 25, figs. 10-12. PC, x6. ................. Pans ete 
Magnolia muldoonae sp. nov. Striations on the surface of chalcedony seed cast from fig. 9. SEM, x40.................. 
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1-7. Anamirta leiocarpa sp. nov. re CEO eT RATE eer hia Tena in ony Micah SA EEE ES A SOG. aT AN on 66 
1. Endocarp showing smooth surface, dorsal keel and basal pedicel scar. USNM 424641. PC, x5. 
2. Cross section of specimen in fig. 1, approximately equatorial, showing thick endocarp wall, central bilobed condyle sur- 
rounded by locule with remnants of seed coat. = 5. 
3,4. Successive serial longitudinal sections separated by 2 mm. * 5. 
3. Longitudinal section intercepting lateral periphery of the bilobed condyle showing circular endocarp wall and locule 
outline. UF 8728. 
4. Longitudinal section closer to the medial plane, showing bilobed condyle, horseshoe shaped locule and remnants of 
seed coat (arrow). 
5. Longitudinally fractured endocarp, showing cordate condyle with median septum and surrounding subhemispherical locule. 
Holotype, UF 8745. x5. 
6. Median longitudinal section of an endocarp in matrix, basal portion, showing sediment-filled apertures of the condyle. UF 
6308. x7. 
7. Longitudinal section showing anatomy of pericarp, with fiber orientation grading from periclinal on the inner part of the 


endocarp to anticlinal on the outer 2/3 of the endocarp. Some parenchyma cells of the mesocarp are preserved, top of 
photo. UF 5712. TL, x 100. 


8.9) ExtantzAnamirtacocculus. (L.)\ Wight éArm.J.N: Gowanlochi(BARG)" x4:/506 a... oc. ace see eee eee EEE nee 66 
8. Fruit sectioned through the condyle, cf. fig. 3. 
9. Fruit sectioned in medial plane, showing bilobed condyle, horseshoe-shaped locule and bumpy endocarp surface, cf figs. 
4.5. 
10-20. Chandlera lacunosa Scott. sbi aicayerdy lib airayeytstena, SosuBy ntensvat veya nce ettaiede aC or ne ee 66 


10. Endocarp with faint median line of dehiscence. USNM 354472. x1. 
11. Laterally fractured specimen showing locule surrounded by thick-walled endocarp with rounded lacunae. UF 9249. x1. 
12-14. Cast of the lacunae system in the endocarp. UF 6850. x 1. 
12. Ventral view, showing outline of the condyle, and four projections representing the apical and basal apertures. 
13. Dorsal view showing median cleavage corresponding to suture line of the endocarp wall. 
14. Lateral view showing reticulation of lacunae system. 
15. Apical view showing medial dehiscence line and paired apical apertures opening to the system of lacunae. UF 9254. «1.25. 
16. Transversely fractured specimen, showing crescent-shaped locule, paired ventral condylar cavities and lacunae within the 
endocarp. USNM 354537. x 1.5. 
17-20. Locule casts. PC, x 1.25. 
17. Ventral view showing longitudinal median keel and subapical placenta (arrow). UF 6844. 
18. Same, dorsal view, showing median keel, pointed apex and base. 
19. Ventral view of a larger locule cast showing pointed apex and base. UF 6845. 
20. Same, dorsal view showing faintly irregular surface. 
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1-10. Odontocaryoidea nodulosa Scott. 


1-5. 


6-9. 


10. 


Ite 


12 


Chalcedony endocarp cast. USNM 424850. PC, x 2.5. 

1. Dorsal view, with median longitudinal keel and scabrate surface. 

Ventral view showing condylar cavity with faint transverse striations and median keel. 

Apical view showing the pair of cavities. 

Basal view showing bilobed cavity. 

5. Specimen with portion of endocarp broken away revealing thick wall and locule cast. UF 6869. x3. 
Chalcedony locule casts. PC, x 2.5. 

6. Dorsal view, showing median keel and flattened base. UF 6862. 

7. Ventral view of same, showing median keel, transverse striations and subapical placental scar (p). 
8. Lateral view. UF 6863. 

9. Same, ventral view, showing shorter length relative to fig. 7. 


Ben 
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Endocarp in transverse section showing thick wall surrounding the crescent-shaped locule. UF 6873. RL, <4. 
11-17. Calycocarpum crassicrustae sp. nov. ..... eee RTS Aree ech erase ees 


Endocarp cast, dorsal view. USNM 424849. PC, x2 25. 


2. Same, ventral view of condyle cavity with median keel. PC, = 2.5. 
13¢ 
14. 
15. 
16. 
17. 


Dorsal view of locule cast showing median keel. OMSI Pb471. PC, x3. 

The same, ventral, showing cup-shaped cavity and median keel. PC, x3. 

Apical portion of locule cast with some adhering endocarp. Holotype, UF 6769. PC, x3. 
The same, cross section, showing the thick endocarp surrounding the locule. RL, = 3. 
Apical view of the specimen in figs. 13 and 14. PC, x3. 


18. Extant Calycocarpum lyonti (Pursh) Gray. Transverse section showing relatively thin endocarp wall. Locule similar to that in 
fig. 16. Florida. Curtis 5934 (A). x3... 


70 
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Figure Page 
1. Calycocarpum crassicrustae sp. nov. Transverse section of holotype illustrated in Pl. 28, figs. 15, 16, enlarged to show cells of the 

endocarp wall and testa. TL, = 60. See ee ae, ares ; - Ses Rot etka cio C 69 

2-8. Tinospora elongata sp. nov. of Sassen 70 


2. Locule cast viewed dorsally, showing median keel and moa puriice! Holotype; USNM 354502. PC, x4. 8. 

3, 4. Stereo pair of the same, viewed ventrally, showing condylar cavity, median keel, and a thin layer of adhering endocarp at 
the lower right. PC, * 4.8. 

5. A larger locule cast, ventral. USNM 424648. PC, x5. 

6. Apical half of a broken locule cast. USNM 424649. PC, =4.8. 

8. Stereo-pair of the same specimen, looking at the transversely broken end, showing the rounded condyle cast with a median 
groove representing the median keel of the ventral wall of the endocarp, surrounded by the c-shaped locule cast. The thin 
film between the locule cast and the condyle cast indicates that the endocarp was thin-walled. PC, x 4.8. 

9213s Tinospora hard MANnae'Sp NOV: 2 scsi = a2 bose ion Ser ene eS eee Te ee eee 70 
9, 10. Stereo-pair of chalcedony locule cast, ioral view, ecw median keel and poral eine flowed half a locule cast broken 
and removed, showing mold of ventral wall of the endocarp in sedimentary matrix. Holotype, UF 9255. x6 
11. Mold in siltstone matrix of the ventral surface of an endocarp, showing impression of the medial keel, supapical placenta 
and spines near the base. UF 9256. SEM, 6.5. 
12. Same, showing protrusion of endocarp spines into the matrix (arrows). SEM, * 10. 
13. Chalcedony locule cast, ventral view, USNM 326715B. x6. 
L4=16., BOhypserparyscOutisS ps: MOVs 6. cot. < dick c;<ctesesis laters holsessasolara-20e ana Seals sete Sst levine at rand ee eo eee eee 74 
14. Sedimentary locule cast, lateral view, showing smooth circular nitiets atic plug and clenvacs ence the apex and base 
meet. USNM 446075. PC, x 
15. Locule cast viewed ventrally, nee median keel, and cleavage where the apex and base of the endocarp meet. Holotype, 
USNM 354506. PC, x4 
16. Same, viewed laterally, showing central plug. x4. 
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Page 
Tinomiscoidea occidentalis sp. nov. Holotype, USNM 422382. PC, x4. . fuse oue ene Enon. ah) 
1. Locule cast in lateral view, showing thin profile. 
2, 3. Stereo-pair, dorsal view showing pointed apex and base and median keel. 
4, 5. Stereo-pair, ventral view with shallow condylar cavity, prominent median keel, and subapical placental scar (arrow). 
Atriaecarpum clarnense sp. nov. Holotype, UF 9257. PC, x4. aire. Da eee eee Sar Re A ees era setae Ml 


6. Locule cast in lateral view showing thin profile. 
7, 8. Stereo-pair, dorsal view showing shallow pits and very faint median keel. 
9, 10. Stereo-pair, ventral view with pronounced pitting and prominent median keel. 
Agee UTIL OLINISE rd OlliGK)ICOMD SN OVARD eet aero tee EE eee eee qf 
. Edge view of a locule cast limb protruding from matrix, Showing ehemacienece garlintes surrounded by the dark outline 
of the endocarp mold. Note the three-angled apical rim of the endocarp. UF 6485. 
12, 13. Stereo-pair of horseshoe-shaped locule cast and carbonaceous endocarp remains in matrix, showing fluted rim and central 
foramen. UF 6484. 
14. Locule cast with one limb broken, showing placental “knob” and evenly spaced fluting. UF 6486. 


. Palaeosinomenium venablesii Chandler. PC, x 6.5. Dec Mate Maree eee ate tans me IE aes rome i! 


15. Mold, face view, in siltstone showing endocarp ornamentation. UF 9545. 
16. Edge view of an endocarp cast. USNM 354561. 
17, 18. Stereo-pair of same showing numerous flutings along the nm. USNM 35456l. 
19. Locule cast showing smoother contours than do the endocarps (figs. 17, 18) and pronounced sinus between the uneven 
limbs. USNM 354562. 
20. Larger locule cast with more asymmetrical limbs. UF 6487. 
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1-5. Curvitinospora formanii gen. et sp. nov. Holotype, USNM 326714. PC, x8. 2 
1. Dorsal view of locule cast, showing prominent median keel, rounded base and noieda apex. 
2, 3. Stereo-pair, ventral view, showing longitudinal depressions on either side of the median raphe ridge. 
4, 5. Stereo-pair, lateral view with ventral surface to the right, showing longitudinal curviture. 
6-9. Thanikaimonia geniculata gen. et sp. nov. Holotype, USNM 355480 PC, 6.5. 
6. Face view of lateral limb, showing smooth surface, basally tapered profile, and longitudinal median eis 
7, 8. Stereo-pair, lateral view, showing curvature. 
9. Basal view, showing attachment scar and unequal development of the limbs. 
10-14. eas sll limacioides sp. nov. Holotype, USNM 435054. Br Pecrneenls to ciors. a sad ed LICR oainio aes OTS aE AERC tee 73 
10, 11. Stereo-pair, permineralized endocarp, lateral view showing curved dora ridge ail ane radially pnentedn striations and 
concave base of the endocarp partially embedded in sediment. RL, = 7. 
2. Same, edge view with plane of bisymmetry medial, showing median dorsal keel and the convex lateral margins of the fruit, 
best seen on the left side. RL, «7 
13. Same, sectioned transversely at right angles to the plane of symmetry, showing diamond-shaped locule at top of specimen, 
endocarp walls that bulge and thicken around the condyle. RL, x 10. 
14. Same, showing detail of seed coat within locule and thin surrounding endcarp wall. RL, x40. 
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Ensete oregonense Manchester et Kress. . 2 ; wes) 
1. Apical view of permineralized seed showing round profile andl acer nau Holotype: UF 6621. PC, x i. 
2. Lateral view of seed with fibrous seed coat partially broken away exposing smooth endocarp cast, upper right. UF 6627. PC, 
x5. 
3. Lateral view of seed with portion of seed coat broken away and exposing the silica infilling of the central chamber. UF 6611. 
PC, x5. 
4. Internal mold of seed coat showing the prominent micropylar plug with protruding beak. UF 6623. PC, x5. 
. Apical view of the same specimen, showing intact plug. PC, x 
6. Lateral view of the specimen in fig. | showing striate seed coat and apical truncation from which the operculum has detached. 
RE x5: 
. Basal view of the specimen in fig. 2 with chalazal mass exposed through the broken seed coat. PC, x5. 
. Basal view of the specimen in fig. 3, showing chalazal mass and ribbing of the seed coat. PC, x5. 
. Basal view of the specimen in fig. 4, showing position of chalaza. PC, x5. 
. Specimen with micropylar plug removed. OMSI Pb1314. PC, 5. 
. Median longitudinal section of the holotype in figs. 1, 6, showing silica-filled central endosperm chamber separated by a basal 
septum from the chalazal mass and by and apical septum with a central pore from the operculum. RL, 5. 
12. Median longitudinal section of the specimen in figs. 2, 7, showing two-layered seed coat, lower right, and intact embryo at the 
apex of the central chamber. RL, * 5. 
13. Detail of the embryo from fig. 12. «8. 


n 


—OooNnN 


14. Detail of the specimen in fig. 11, showing two-layered seed coat. x8. 
. Extant Ensete glaucum (Roxb.) Cheesman. Seed sectioned longitudinally for comparison with figs. 11-14. Marobe District, Papua 
INC WAG ITIe A sINTeSS (GO Sa lt) 4 IS) ms ee eon sere cece cecte ts advencic stl vocasiclaisioysbevalenei tear on cucte 5 Sees, ae ; ees) LO: 
. Ensete oregonense seed cast in siltstone showing intact erica epcedun OMSI Pb1061. Deane Peace bases Sea eee rene 
Detailiofithe'specimeniinifig: 110) showing construction‘of the:seed coat. ./ 0... 225.226 e cies ee eet ee ets gs Sawer MES 


17. Oblique apical view of the inner mold of seed coat showing concave surface atin are rents INE scar. SEM, x15. 

18. Lateral view showing longitudinally striate seed coat partially broken away from the endosperm cast, revealing smooth inner 
surface. SEM, x 50. 

19. The same, apical view, showing relative thickness and stratification of seed coat. SEM, x75. 
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1-3. Sabal bracknellense (Chandler) Mai, seed casts. Be Belts ce eee rahe Ree ee CARES tein, tok Meee Cheam Sno ok fs See ee 76 
1. Lateral view of seed showing raphe groove and protrusion Giemberet UF 8487. PC, x6. 
2, 3. Same, stereo-pair, ventral face showing circular depression with central raised chalazal mound and raphe groove. PC, x6. 
4-8. Sandi jenkinsu (Chandler) comb. nov., seed casts. TAt/ 
4. Ventral view, showing the Grenlne depression, central chalazal mound, and mole groove. UF 9751. PC, x 5. 
5. Lateral view showing groove and chalazal mound. OMSI Pb1812. PC, x5. 
6. Same, ventral view showing chalazal mound within circular depression. PC, = 5. 
7. Specimen showing elliptical pad of tissue surrounding the chalazal mound. PC, x5. UF 9752. 
8. Transverse section showing bi-layered seed coat. UF 9754. RL, x65. 
Til, 


9=14. Maceinicarpa clabra’ Manchesters sa ¢.c ste 2 caret c ght <rsars hiaesesis eae Sezai fiz) ole se nom: biol eesti Se a ia Ch eea are eek ae 
9. Infructescence broken transversely showing radiating florets of mature filits andl ihe Pecepta culate impressions Sndicaute five 
free carpels per floret. Holotype, UF 5153. RL, 3. 
10. Tangential section of silicified infructescence, showing five-fruited florets. UF 5159. Etched, RL, x5. 
11. Transverse section of an infructescence, showing florets, with fruits and perianth in longitudinal section. UF 5158. RL, 4.5. 
12. Same specimen as Figure 10, detail of a fruitlet in transverse section showing layers of pericarp and surrounding the locule 
with a single seed. TL, = 5O. 
13. Platananthus synandrus Manchester, staminate inflorescences possibly from the same plant as M. glabra. Inflorescence sectioned 
medially showing florets with stamens enveloped by well-developed perianth. UF S151. *7. 220.200. eee 
14. Platanus hirticarpa sp. noy., medial section of infructescence, showing numerous radiating florets. Holotype, UF 5160. x7. ... 78 
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14. Platanus hirticarpa sp. nov. Continued from PI. 33, fig. 14. Holotype, UF 5160. ................... LSA aaa ae 78 
1. Oblique peripheral section, showing perianth, hairs and individual achenes. RL, 20. 
2. Longitudianal section through two achenes with obtriangular outlines with the surrounding perianth of a single floret. RL, = 20. 
3. Longitudinal section of an achene with typical persistent style. RL, x20. 
4. Longitudianl section through the dispersal hairs of an achene. RL, = 50. 
S=liSe Nanyoplatanus craneigen- et\sp: NOV-.......-..+:------ oe Ne ee pe Sasa ; PORN SB : 78 
5. Longitudinally broken infructescence in matrix, showing achenes attached to central axis. UF 5671. x4. 
6. Same, transverse section showing circular central axis with radiating achenes. RL, x8. 
7. Same, median longitudinal section through the axis with rows of achenes on either side. Note protruding perianth segments. 
RS: 
8. Tangential section of the infructescence showing three- and four-carpeled florets. RL, x8. 
9. Median longitudinal section showing clusters of at least two carpels. RL, x8. 
10. Detail from fig. 8, showing three closely adhering carpels surrounded by perianth segments. RL, x 20. 
11. Same, with four closely adhering achenes. RL, x 20. 
12. Longitudinally fractured infructescence larger than that in fig. 5. Holotype, USNM 424876. x3. 
13. Same, tangential section of infructescence showing three- and four-carpeled florets. x 16. 
14. Same, transverse section of fruits, enlarged to show dispersal hairs distributed between the achenes. = 50. 
15. Same, oblique-longitudinal section of achenes including one with elliptical seed preserved in white silica. = 20. 
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1-10. Prunus olsonii sp. nov. - iSlos GA ee 79 


NU WwW 


10. 


. Locule cast, lateral view, showin ates shape. UF 6461. PC, x5. 

. Stereo-pair, base, showing thin layer partially broken away revealing circular chalaza. UF 6460. PC, = 5.7. 

. Same, lateral view. PC, x 5.8. 

. Same, apical view, showing apical keel. PC, 5.6. 

. Stereo-pair, specimen with adhering testa and sedimentary matrix, showing circular chalaza and raphe groove. Holotype, UF 


9262. PG; x5. 


. Same specimen, transverse section showing elliptical outline and thickness of the endocarp wall. PC, x6. 
. Same, thin section showing locule lining surrounded by sclereids. RL, x75. 


Same, detail of endocarp wall showing sclereids with scattered rhomboidal crystals (arrows). TL, x 300. 


11-15. Prunus weinsteinii sp. nov. Holotype, UF 6800. eds ahs cacusretie cake, hark tates Richer eave ase Sohe PERE ree ditie IS Eee ee ee eae 80 


He 


112) 


Lateral view of permineralized endocarp showing keel 1n niane of eamncay, ovate soweine and sentye verrucate surface. PC, 
x4. 


2. Face view showing ovate-elliptical outline, and thicker funicular margin, right side. PC, x4. 
13: 
14. 
1S: 


Transverse section showing thick wall with plane of dehiscence near bottom of figure in plane of bisymmetry. RL x6. 
Same, enlarged, showing partially detached locule lining, left side of figure. RL x 25. 
Detail of sclereids composing the endocarp. TL, = 100. 
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Figure Page 
1-11. Emmenopterys dilcheri sp. nov. : : : : . 80 
1. Infructescence with elongate, pedicellate capsules. Scar at arrow indicates the position of a detached fruit, suggesting opposite 
arrangement of fruits. OMSI Pb1307b. x 1. 
Infructescence with portions of three attached permineralized capsules. The one on the right is nearly complete. Note absence 
of perianth scars at the junction of the pedicels with the fruits, indicating inferior ovaries. Holotype, OMSI Pb1197b. x 2. 
3. Detail of capsule from the counterpart of specimen in fig. 2, showing longitudinal median septum. Holotype, OMSI Pb1197a. 
x 2.5. 
4. Transverse section of a capsule from the specimen in fig. 2, showing two carpels with axile placentation, and relatively thin 
pericarp. RL, <8. 
5. Transverse thin section of the same, showing a T-shaped placenta, surrounded by numerous radially arranged seeds. TL, 
x12. 
6-11. Acetate peels of permineralized fruit. UF 9333. 
6. Transverse section showing well preserved seeds surrounding collapsed placenta, and a portion of remaining pericarp. 
DE, x12. 
7, 8. Detail of individual seeds in transverse section, each with a central body surrounded by a thin dark layer, which is in 
turn loosely enveloped by the seed coat formed of a reticulum of cells with projecting anticlinal walls, and thin, mostly 
collapsed, outer periclinal walls. TL, x 50. 
9. Longitudinal section through a seed. TL, * 30. 
10. Longitudinal, peridermal section of a seed, showing reticulate seed coat. x 25. 
11. Detail of seed coat showing reticulate thickening of cells composing the seed coat. x65. 
12, 13. Extant Emmenopterys henryi Oliver. Southwest China. G. Forrest 26041 (US 1377648). ...... ; a 81 
12. Isolated seed showing dark elliptical central body surrounded by thin reticulate patterned wing. x 10. 
13. Detail of seed coat showing reticulate thickening of cells composing the seed coat, cf. figs. 10, 11. * 25. 


Ne 
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10-12. 


13-15. 
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Meliosma beusekomii sp. nov. PC, *7...... with a Sierreeenieeee 82 
1. Endocarp, ventral view, showing angular outline: ercular ecules sf rounded Bacal flank. ‘UF 6702. 
2. Same, lateral view, showing curvature of dorsal surface. 
3. Locule cast, ventral view, showing funicular opening and median longitudinal keel. Note punctate surface. Holotype, UF 
6673. 
4. Same, basal view, showing punctate surface and median keel. 
5. Same, lateral view ie height (vertical dimension) similar to length (horizontal dimension). 


. Meliosma bonesti sp. nov. PC, Ss an ne ee ee ee a eh AL Rane AS A ee han Ee aa nad ead d Au 6 é 82 


6. Endocarp, ventral view, eeu prominent funicular ity: rounded triangular eudine aa Pentel flat basal flank. UF 
6715. 

7. Endocarp, ventral view, with funicular plug and relatively flat basal flank. Holotype, UF 6714. 

8. Same, dorsal view, showing median longitudinal keel and rounded outline. 

9. Same, lateral view, showing rounded dorsal surface a truncate ventral side. 

Meliosma elongicarpa sp. nov. Holotype, UCMP 10701. : -. : sitet ccosis. See ane eC ee 82 
* Ventral view showing rounded sides, median keel ei circular rcheries plug. 
. Same, basal view (cf. fig. 4), showing funicle, median keel and height much greater than width. 

Same, lateral view (cf. fig. 2). 


ee cf. jenkinsii Reid et Chandler. PC, SAP AEE, Pin ie AED OEE TA Rt PE ASAE COMAD Aor Ca Tobe oo oases c 84 
13. Ventral view of a locule cast with some es pane ring (appes Hien ehomine ee Overall size and large funicular 
plug. UF 6706. 


14. Same, dorsal view, showing smooth locule surface and median longitudinal keel. 
15. Locule cast, ventral view, with some of the endocarp preserved in the funicular area. UF 6707. 
Meliosma leptocarpa sp. nov. Holotype, UF 6725. PC, x6. ... : : : Peer oeianec. st) 
16. Ventral view showing circular funicular plug, median keel andi narrow width. 
17. apical view showing height much greater than width. 
18-19. Stereo-pair, lateral view. 
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Page 
Meliosma endocarps in longitudinal section in the plane of bisymmetry. RL, *5.5......... : : ere 192 
Meliosma beusekomii sp. nov. UF 6683. . : : : : ; : ie Tee : 82 
Meliosma bonesti sp. nov. UF 6712. . : nag eee ; ABE rections ae: Oe 
Meliosma cf. jenkinsii Reid et Chandler. UF 9851. : ee : Eye aye Ak a: ae ; 84 
Meliosma leptocarpa sp. nov., longitudinal section. UF 6739. : mete eon aeee AE tte 83 
Sabia prefoetida (Becker) comb. nov. PC, x8. ; : ; , 84 
5. Endocarp cast, lateral view, showing eiered surface and ventral notch. UF 6729. 
6-7. Stero-pair, lateral view. Note funicle scar within the ventral notch. UF 5245. 

8. Same, viewed from base, showing circular funicle scar, endocarp thickness and median keel in the plane of symmetry. 

. Palaeoallophylus globosa sp. nov. SEM, x8. . dea Ae RATED Soca GSES ET Seka Se oe ib Are ele 5 ee 86 


9. Chalcedony embryo cast, lateral view, showing plobore guiline. Rcongolitd Cotyledons and pnered radicle. UF 6589. 

10. Face view of cast, showing wide elliptical, nearly circular, outline, and the U-shaped tip of the radicle. Holotype, UF 6587. 
Palaeoallophylus gordonii sp. nov. .... 86 

11. Chalcedony embryo cast showing ronvolitea Eaglcdons and eloneite: radicle USNM 424668. SEM, x8. 

12. Embryo cast with portion of seed coat adhering, upper right. UF 6596. SEM, x8. 
13, 14. Stereo-pair, chalcedony seed cast with portion of testa flaked away showing convolutions of embryo cast and basal protrusion 

of the hilum. Holotype, USNM 424669. PC, x8 

15, 16. Stereo-pair of same, basal view. Note hilar projection near the center. PC, x8. 
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.DeviacerswolfeimeensetisSpAnOVen. <2 cis cree one ee ENA eas SO Ie Renee OES ene E EE Eee eee 85 


1. Samara showing broad lateral wing mith erchine cochotemeusl venation and eligteal endocarn wath Grete margin of 
abscission aligned with the stipe. Holotype, OMSI Pb1133. x 2.2. 

2. Similar fruit. OMSI Pb567. x 2.2. 

3. Larger specimen, showing style (s) arising from the elliptical endocarp. OMSI Pb638. x 2.2. 

4. Specimen showing reticulate venation over the endocarp. OMSI Pb1786. x 2.2. 

5. Specimen with narrower wing. OMSI Pb802. x 2.5. 

6. Well preserved smaller specimen with recurved style from Clarno White Cliffs locality. UF 9859. x4. 


| Bumeliayelobosa spsnovy,, internalimolds-of the seedicoats 24. 202s ate ee eo: ee en a eee ee eee 86 


7. Lateral view, showing smooth, rounded base and sides and the ayers Agtest truncation. USNM 424663. PC, x6.5. 
8, 9. Same, stereo-pair, apical view, showing circular hilar truncation, and position of micropyle (m). PC, x 6.5. 

10. Translucent seed cast, ventral view, showing median longitudinal course of the raphe. USNM 424662. RL, x6.5. 

11. Same, apical view, showing emergence of raphe at center of hilar truncation. RL, x 6.5. 

12. Lateral view showing smooth rounded sides and oblique truncation. Holotype, USNM 424644. PC, x6. 
13, 14. Same, stereo-pair, apical view, showing raphe that passes from ventral (lower) surface to the apical truncation and adhering 

vascular reticulum. PC, = 

15, 16. Same, ventral view, showing median longitudinal course of raphe. PC, = 6.5. 


seBumeliawusubangularis.sp nov: SeeGucastSa. = se ce ete ee one cee eee ani een eee ee ae eee eee eee 87 


17. Lateral view of seed cast showing smooth surface, rounded bce ane blique apicalkt truncation. USNM 424681. PE) x6: 

18. Same, apical view, showing rounded-triangular outline, rounded mim of the hilar truncation, and central hilum. 

19. Holotype, lateral view. UF 8743. PC, x6 

20. Same, ventral view. 

21. Same, apical view, showing obovate truncation with central hilum from which veins radiate, with a fragment broken away 
near the micropyle. 
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Figure Page 
1-11. Schisandra oregonensis sp. nov. beh Sid eR CE ct ee ; ace . re 7 eee : ee ST: 
1. Complete seed cast showing veruccate surface and hilar sinus with bulging lip. UF 6577. x8. 
2. Seed cast (internal mold of tegmen), ventral view. USNM 424654. x6.5. 
3. Same, lateral view, showing indented hilar region. PC, x 6.5. 
4. Seed with tapering micropylar limb and deep hilar region. Holotype, USNM 424655. PC, x 7.5. 
5. Same, tilted to show path of raphe along dorsal surface. SEM, = 10. 
6. Same, ventral view. SEM, 8. 
7. Same, sectioned dorsiventrally, showing layer of columnar cells making up the seed coat, and dorsal position of the raphe 
(arrow). RL, x15. 
8. Seed cast (internal mold of tegmen). UF 6581. RL, 6.5. 
9. Same specimen as 2, 3, sectioned longitudinally. RL, = 10. 
10. Same specimen as in fig. 8, sectioned longitudinally. RL, x8. 
11. Same, showing uniseriate columnar layer of the tegmen. RL, x 20. 
12-18. Extant seeds. oy dhe ete BOL SOE ERT oe Ree en nt etn eet eras eth ee ree tee Pt arc en ere ttre een aT ere 88 
12. Schisandra chinensis Baill. Seed with smooth surface. Shinano Province, Japan, Sept., 1960. Miyoshi Furuse (A). x8. 
13. Schisandra viridis A.C. Smith. Seed with rought surface and hilar sinus with bulging lip. Cf. fig. 1. Chekiang, China. Ren- 
Chang Ching 5132 (A). x8. 
14. Same, sectioned longitudinally, < 11. 
15. Kadsura japonica Dunal. Longitudinally sectioned seed. Ohobu, Kobe, Japan. H. Muroi 6569 (A). RL, x 30. 
16. Schisandra chinensis. Same as fig. 12, sectioned longitudinally. RL, x 10. 
17. Kadsura japonica, sectioned longitudinally, same as fig. 15. RL, x 10. 
18. Schisandra viridis, sectioned longitudinally. Note columnar inner layer of seedcoat, and proliferation of isodiametric cells of 


the outer seed coat filling the hilar sinus. Same as figs. 13, 14. = 20. 
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Figure Page 
1-9. Tapiscia occidentalis Manchester. a dptar due ve ule lbrabarS emcovar'a Sout $ cata e (ever tearena oad auvevayie Web lare eraieus Uno Mic ate tiel AcE Sova ee eee 88 
1. Chalcedony fruit cast, ventral view, nah pene Gfithe eee eee ipecugh the thin pineledip pericarp, including the 
central circular chalaza, raphe, and pedicel scar (top of figure). UF 5201. PC, x 7.5. 
2. Same, dorsal view, showing rugulate ornamentation. RL, = 7.5. 
3. Ventral view of fruit cast with verrucate surface layer partially broken away revealing internal mold of seed coat with 
prominent circular chalaza at the center and pointed micropyle at the apex. Holotype, UF 5200. PC, x 7.5. 
4. Permineralized fruit in matrix, ventral view. UF 9283. RL, *7.5. 
5. Internal mold of seed with successive layers of seed coat and pericarp adhering. UF 9692. SEM, x 10. 
6. Same, cellular detail on surface of internal seed coat mold. SEM, x 150. 
7. Median lateral section of the specimen from fig. 4, showing thickness of fruit wall and seed coat layers, c-shaped endosperm 
cavity conforming around the chalazal complex (right side). UF 9283. RL, x 10. 
8. Transverse section, showing endosperm within the seed. UF 9284. RL, x 10. 
9. Same, transverse section enlarged to show anticlinally oriented cells of seed coat. RL, = 50. 
O15 SVIDIOCOS;: NOOLEDOOMULSP MOVs, .2:i2.5)delale-a.csc svoraledaiate erste, Me. an ccchs-aatauslovane a elector dete alse sesyets obciahvieyersuc sels oecoiapet aie reefs eens tee 89 


10. Chalcedony eae cast, lateral view, showing truncate apex, rounded base aod meridional grooves. Holorpe: USNM 
354596. PC, x 
11. Same, basal a showing central attachment scar surrounded by radiating meridional grooves. PC, x 3. 


, 13. Stereo-pair of same, apical view, showing four apertures on the apical truncation. PC, x 3. 


14. Another specimen, showing the apical truncation and meridional ribs, broken below. USNM 354603. PC, x 3.8. 
15. Same, apical view, showing at least two apertures within the truncation. PC, x 3.9. 

16. Chalcedony endocarp cast, lateral view. USNM 354592. PC, x 5.7. 

17. Same, basal view. PC, x 5.9. 


! 
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Page 

Cleyera grotei sp. nOv............ 2h es SG Oe SOR TO 89 

1. Seed, lateral view, showing aticulate peed coat. Wolowse: UF 6501. SEM, x «15, 

2. Same, basal view showing thickness of seed. SEM, x 16. 

3. Internal cast of seed coat, lateral view, showing embryo curving around the condyle. UF 9449. SEM, x15. 

4. Internal cast of seed coat, showing condyle in center and possibly the micropylar limb on the left, UF 9450. SEM, = 19. 

5. Detail from holotype, fig. 1, showing thick anticlinal walls of cells forming the seed coat. SEM, = 50. 
Aphananthe maii sp. nov. . Sieap aaa 90 


6. Silicified endocarp, apical view, 2 Sey rounded contour, atte pie end elliptical Solanely oriented anieniany pore. _ The 
median ridge is deflected laterally at the funicular opening. Holotype, USNM 355693. PC, x5. 
7. Same, lateral view, showing wide-elliptical outline and verrucate surface. PC, x5. 
8. Endocarp, apical view, with obliquely oriented funicular pore. Lower portion of endocarp wall broken away exposing smooth, 
rounded locule cast. USNM 424629. PC, x5 
9. Chacedony locule cast, showing smooth surface and well-marked longitudinal keels that intersect at the funicular pore. UF 
6518. PC, x5. 
10. Same, lateral view showing relatively narrow elliptical outline. PC, x5. 
11. Locule cast, apical view, surrounded by remains of the endocarp wall. USNM 422384. SEM, 7.5. 
12. Some of the endocarp wall removed from the specimen in fig. 11, showing layer lining the locule. SEM, * 10. 
13. Longitudinal section of a well preserved endocarp fragment showing dark wall of endocarp surrounding coiled embryo. UF 
9328. RL, x8. 
14. Section of wall from the holotype, figs. 6, 7, showing outer layer of prismatic cells including crystaliferous inflated cells. RL, 
x 20. 
15. Detail of wall from fig. 13 showing large columnar cells. TL, x60. 
Celtis burnhamae sp.nov. . + aut Bo 8 ae ADEN 6b Ae 4 POE ARIE Ob oes BrdU ELbo 0 cin Sithe SEE EE EROS GEG Hionrccenetas 91 
16. Endocarp, apical view, Romine wert aAgeillen uti! Hanes pices Satter andl four foneiractinal “Tse Holotyee, UF 
9600. PC, x6. 
17. Same, lateral view, showing median longitudinal rib, reticulate smaller nbs. PC, x6. 
18. Same, rotated 90°, showing primary longitudinal rib and acute apex. PC, x6. 
19. Same, basal view showing intersection of four median ribs. PC, x6. 
20. Locule cast showing smooth surface, circular chalaza, and radicle at top of figure. USNM 355429. PC, x6. 
21. Same, lateral view, showing curved radicle. PC, x6. 
22. Longitudinal section of permineralized specimen, showing single locule filled by the embryo which has a curved, protruding 
radicle. Note thickness of endocarp and subapical position of funicular plug. UF 9581. x 10. 
23. Transverse section of fruit, showing large, nearly circular locule surrounded by successive layers of the pericarp. UF 9581. 
x 10. 
24. Detail of same, with locule to the left showing succession of pericarp layers, the most prominent of which is the uniseriate 
layer of square crystaliferous cells. RL, x 15. 
25. Detail of internal surface with digitate cells. Seen by focusing down through the outer translucent part of the pencarp. UF 
8626. RL and TL, x35. 
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Figure Page 
1-5. Celtis sp. Oe Ae en Oo eer A Oe Anno rs An HORE ean UB OO Gan na ne ttnde6 ae de sou Gaadoonss 92 
I. Silicified ereence face view, ohuwine media fongitediral Reel erica Gaacimente scar ands veruccate surface ornamen- 
tation. UF 8658. SEM, 6. 
2. Same, lateral view showing apical notch, rounded outline and typical surface ornamentation. PC, x6. 
3. Lateral view of an endocarp with part of the wall fractured away, revealing locule cast with prominent curved radicle. UF 
8641. SEM, x6 
4. Transverse section of an endocarp. Horizontal line is the separation between radicle and the rest of the embryo. UF 8651. 
RL, x10. 
5. Same, enlarged to show wall anatomy. RL, x 30. 
6-15. Trema nucilecta sp. nov. 
6. Silicified endocarp, dorsal view, Schorine median enema keel, ovate ouding md relvely emoatn surface. Holotype, 
UF 9781. SEM, x15. 
7. Same, lateral view. RL, = 10. 
8. Same, sectioned longitudinally, showing coiled embryo of the seed, with pronounced radicle. RL, x 10. 
9. Transverse section, showing thickness of wall and horizontal line separating the radicle from the rest of the embryo. UF 
9776. RL, x 10. 
10. Same, enlarged, showing columnar cells of endocarp wall. RL, = 50. 
11-13. Isolated locule casts. 
11. Dorsal view showing median keel. UF 6792. PC, x 10. 
12. Ventral view. UF 6793. PC, x10. 
13. Lateral view. UF 6792. PC, x10. 
14. Longitudinal section, showing complexity of the apical region. UF 9585. 10. 
15. Same, showing columnar cells of the endocarp wall. = 18. 
l6=I'8. ‘Cedrelospermum*lineatum| (Lesquereux) Manchester, sisi crs sie cee terete are etter eee eee 92 
16. Typical samara showing large wing with veins converging ioward the eran area, sant call wing forming a crest along 
part of the endocarp. OMSI Pb565. 4.5. 
17. Smaller samara. OMSI Pb1502. *5. 
18. Fruit showing the small wing extending parallel to the long axis of the endocarp. UF 9285. x6. 
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Figure Page 
1 SEMRLALLISHULIF TCH LAST) a0) O Nave epee mee rere TN Syn oe arse Ga cate Sioa dO) ore dene TOT RT TT Te Ee aT ne dy sob adi hahkchalts csacasU ce imeics reetpee . 96 
1. Chalcedony seed cast, penta view, enowine short parallel infolds, eral Sommer anette groove Salone ine raphe mdge. 
Holotype, UF 6534. PC, x 7.8. 
. Same, dorsal view, showing spatulate chalaza and chalaza-apex groove. PC, x8. 
3. Dorsal view of a seed cast with much of the seed coat flaked away revealing internal mold of the seed cavity with circular 
chalazal mark. UF 6533. PC, x8. 
4. Chalcedony internal mold of seed coat, ventral view, showing sharply pointed base and parallel infolds. UF 6535. PC, x8. 
5. Same, dorsal view showing chalaza-apex groove. PC, x8. 
6-10. Ampelopsis rooseae sp. nov. Bees AS crs 6 cee ce Ce ee Re RCE Sere irae SOI Pete sic Ice oO Eee CeCe ce emir 94 
6. Chalcedony seed cast, ventral view, EnOwing Bion Aivenceat infolds, ain mater groove along the “rine nee UF 6537. PC, 
x8. 
7. Same, dorsal view, with portion of seed coat flaked away, tipsy smooth internal mold of the seed cavity. Note chalaza- 
apex ridge (contrast with chalaza-apex groove, figs. 2, 3, 5). PC, 
8. A broader seed cast with widely divergent infolds. olen! UF at PC, x8. 
9. Same, dorsal view, showing spatulate chalaza, chalaza-apex ridge and chalaza-base groove. PC, x8. 
10. Chalcedony internal mold of seed coat, ventral view, showing pointed base, sharp raphe ridge, and prominent, divergent 
infolds. UF 6538. PC, x8. 
N=; Ala OanWs CCH Soy ONG sdecuncee aad Abou none SOAR ee ene EE He sae otac bon ae Aone doco Ue oo mee aod oe node ohaades 94 
11. Seed cast, ventral view, Bowne eordare Berline aaa enone diverecns ventral nol iMolonpe USNM 424665. PG: x8, 
12. Same, dorsal view. PC, x8. 
13. Internal cast of seed cavity, ventral view, showing prominent short ventral infolds and sharply pointed base. UF 6542. PC, 
x8. 
14. Same, lateral view, showing split along dorsiventral plane. PC, x8. 
15. Same, dorsal view, showing elliptical chalaza and shallow chalaza-apex groove. PC, x8. 
IGANG s Aaa CEOS CHT OMe Gee ONG, gonad ae Soten cok eH EE eee On bo ero oD scot den aed ots 6 SHO UOMea aes Baar er 93 
16. Chalcedony internal mold of seed coat, seneet view, ovine wath and deaik Ginnfolds and cordate Ondine UF 6543. PC, 
x6. 
17. Same, dorsal view, showing elliptical chalaza and chalaza-apex and basal groove. PC, x6. 
18. Chalcedony internal mold of seed coat cavity with corresponding external mold of the same seed showing ventral infolds as 
a pair of mounds in the siltstone matrix. Holotype, UF 6572. 3.75. 


to 


19. Vitis tiffneyi sp. nov. Transverse section showing deep ventral infolds and relatively narrow seed coat. UF 9573. RL, x12.5.. 96 
20. Same, enlarged greater to show columnar cells of seed coat. RL, = 30. 

21. Ampelopsis rooseae sp. nov. Transverse section showing relatively thick seed coat. UF 9575. RL, x 12.5. .....0............. 94 

22. Ampelocissus auriforma sp. nov. Transverse section showing broad ventral infolds and thick seed coat. UF 6571. RL, x6. ... 93 
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Parthenocissus clarnensis sp. nov. Se ae a ren 3 em Ce Lee mR ny racic ie DMO POM OUD EGO Oc Abed 536 95 
1. Chalcedony seed cast, ventral view, Baowine long Hivereent infolds! pieces flat sents Put erine at the raphe mdge. 
Some of the seed coat is broken away apically, exposing internal cast of seed coat. Holotype, UF 6539. PC, x8. 

. Same, dorsal view, showing smooth rounded surface and oval-spatulate chalaza. PC, x8. 

. Another specimen with long divergent infolds. UF 6540. PC, x8. 

. Same, dorsal view, showing spatulate chalaza. Lacking a groove between chalaza and base. PC, 8. 

5. Transverse section. UF 9583. RL, * 12.5. 


Wh 


; Parthenocissussangustisulcata Scott: WSNM 434986.R GE) Ores sensei 60 ee Gn ole eee eee cr ete e oe ere 95 


6. Ventral view, internal mold of seed coat, showing cordate outine with cleft at apex andl lone cinereon hatoldis 

7. Dorsal view, showing circular chalaza and prominent chalaza-base and chalaza-apex grooves. 

Vitisimagmispermas Chand lens « sicic.a.d x. aycicys ayaa ebate lagers jane AY Maud ahenutyer stapetenete Pepe hsite ae fep avs aleleie tarieye sets euch sun te ee eveler Nini sted crenet cn eae een ete 95 

8. Chalcedony internal mold of seed coat, ental view, showing rounded apex aod fone aivercent fnfaics USNM 355098. PC, 
x6. 

9. Same, dorsal view, showing circular chalaza, radiating shallow grooves and more pronounced chalaza-apex groove. PC, x6. 

10. Largest specimen, showing long ventral infolds. USNM 355127. PC, x5. 

11. Same, dorsal view showing circular chalaza and well-developed chalaza-apex groove. PC, x5. 

12. Another specimen, showing flattened ventral face and fine radiations. USNM 434985. PC, x5. 

13. Same, dorsal view, showing obcordate chalaza with pronounced chalaza-apex groove and shallow radiating grooves. PC, x5. 

Anonymocarpa ovoidea gen. et sp. nov. Holotype, USNM 355614. .. wasahie babies bor Sendnsdesest aco tte ct Ort caveat leteye taste gene Ractaeepaye MeRe eR ne 97 

14. Lateral view, showing elliptical outline, with a portion of the pericarp Broken away Deecaline striated inner layer. RL, x 1.5. 

15. Transverse section, showing single locule surrounded by thin endocarp and exocarp. RL, x 1.5. 

16. Same, showing detail of seed tissue, and endocarp, including a thin dark layer representing the locule lining. RL, x 12.5. 

17. Same, more greatly magnified, showing anticlinally oriented columnar cells of the locule lining, surrounded by a thick layer 
of poorly preserved schlerenchyma. RL, = 50. 
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Axinosperma agnostum gen. et sp. Nov. ; ; a HH) 
1. Oblique ventral-lateral view, showing pounced eS, pore near the apex, and Saiet crest. olotype: UF 6290. SEM, x 20. 
. Ventral view, showing narrow width, median apical crest and pore. USNM 424712. SEM, x 20. 
. Lateral view of a specimen that has broken apically, showing protruding inner cast. UF 9799. SEM, x 20. 
. Same, magnified to show thickness of wall and smooth surface of inner cast. SEM, x42. 
. Seed sectioned transversely, showing elliptical outline of inner chamber and longitudinal slit leading to the ventral pore. UF 
9800. TL, x 30. 
Ascosphaera COCenis Senet SPs MOVs aca. cae seems tac ssia.enees Fekegtisns Segetenee? Siren pe eects cee aug cteerecbenete says 97 
6. Fruit showing pyriform shape and eeabrate anaes UF 6320. SEM, x «10. 
7. Fruit with part of the pericarp fractured away revealing globose locule cast. Holotype, UF 6318. SEM, x 10. 
8. Locule cast showing globose shape, circular chalazal scar at base, and slight apical swelling. UF 6343. SEM, x 20. 
9. Locule cast, apical view, showing circular outline. UF 9770. SEM, x 20. 
10. Longitudinal section of fruit in fig. 6, showing globose seed inside, = 10. 
Ankistrosperma spitzerae gen. et sp. nov. : puaeie seats ee ictaksy sicivsesezeshngaesds aPavatapsysuecs,seehepayedee Son csaee AO 
11. Specimen viewed laterally, cominen: anita ‘UF 9808. x 15. 
12. Lateral view showing J-outline, neck-like constriction at top. Holotype, UF 9806. SEM, ~ 20. 
13. Same, face view. UF 9807. SEM, x 20. 
Dentisemen parvum gen. et sp. nov. SEM, x 16. eas skaters 3) ST ee Se eek seus Sas Pets Aaa cece Cer eae 99 
14. Ventral view, showing median longitudinal slit Holespe ‘UF 9766. 
15. Same, dorsal view, showing truncate base and pointed apex. 
16. Ventral view, specimen with fractured apex. UF 9767. 
17. Same, dorsal view showing veruccate surface. 
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1-10. Bonesia spatulata gen. et sp. nov. 
1-4. Chalcedony locule cast. Holotype, USNM 424642. PC, x6. 
1. Face view, showing rounded scar at the base, gentle median ridge and protruding apex. 
2, 3. Stereo-pair, same specimen reverse side. 
4. Basal view, showing thin profile and prominent circular scar. 
5-7. Chalcedony locule cast with adhering remains of pericarp. UF 9404. 
5. Dorsal view, showing pointed apex and rounded base. SEM, x6. 
6. Same, tilted back slightly and enlarged to show circular chalaza at base. SEM, x 15. 
7. Detail of adhering pericarp. Punctate appearence is due to parenchyma-like cells, the outermost layer having flaked 
away. SEM, 40. 
8. Transverse section of a permineralized fruit with seed showing two horizontally oriented, parallel cotyledons. UF 9471. 
RL, x15. 
9. Transverse section of a locule cast with shriveled embryo inside consisting of two parallel, horizontally oriented cotyledons. 
USNM 424643. RL, x15. 
10. Transverse section of pericarp, detail from fig. 8, showing outer layer of columnar cells, inner layer of isodiametric cells. 
RL, x30. 
11-16. Cuneisemen truncatum gen. et sp. nov. 
11. Ventral view, showing rounded sides, truncate apex Randi two ventral eet joining in a median ieee UF 9366. PC, x8. 
12, 13. Same, Stereo-pair, lateral view, showing convex dorsal side and relatively straight ventral side, disruption of tissue at the 
apical truncation. PC, x8. 
14. Ventral view, specimen tilted forward to show triangular truncation at the apex. Holotype, UF 6392. SEM, x8. 
15. Same, apical view, SEM, 8. 
16. Apical view of an asymmetrical specimen. UF 9364. SEM, x 10. 
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1-7. Comminicarpa friisae gen. et sp. nov... . Ber ene : : Pep eet pnts 198 
1. Longitudinally fractured cnamietereenc) Holotype: USNM. 355697. x2.5. 
2. Same, sectioned longitudinally, tangential to the axis, showing closely adjacent fruits in transverse section. RL, 5. 
3. Same, higher magnification, showing fruits grouped in threes. RL, = 10. 
4. Another infructescence sectioned longitudinally, showing fruits in transverse section that are subangular through crowding. UF 
9582. RL, x15. 
5. Same infructescence as figs. 1-3, transverse section showing fruits in longitudinal section. RL, x 6.5. 
6. Same, showing detail of individual fruits including persistent style at apex and single seed per fruit. x 8.5. 
7. Detail of fruits from fig. 4, showing the seed coat of a single seed within the locule and pericarp containing a middle layer of 
large rectangular cells. x 55. 
8-13. Durocarpus cordatus gen. et sp. nov. Holotype, UF 6110. nei SOT OR Aer TOO bP IAR oes ae aime 499 
8. Permineralized endocarp fruit, dorsal view, showing cordiform online’ PC, x 6s 
9. Apical view, showing smooth, rounded contours. Horizontal line resulted from cutting longitudinally for fig. 10. PC, x6. 
10. Longitudinal section through the two locules, showing vascularization of the base and central axis, and thick fruit wall. RL, 
x10. 
11. Same, enlarged to show tissue surrounding the locule. Acetate peel, TL, = 30. 
12. Same, enlarged to show the small, thick-walled endocarp cells lining the locules and the larger, thin-walled cells making up the 
bulk of mesocarp tissue. Note the placental tissue arising from the apical end of the ventral side of the locule (arrow). TL, x 50. 
13. Transverse section of the same specimen, reassembled after sectioning longitudinally, showing the cross section of locules and 
thickness of septum. Acetate peel, TL, = 10. 
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1-15. Ferrignocarpus bivalvis gen. et sp. nov....... ae Cea rere rire ra te a: Be : oa vive eae ROG eRe ees 99 
1. Impression of an endocarp valve in sediment, showing thickness of wall and shape of locule cast. UF 9390. x6. 
2-4. Locule cast showing typical smooth surface, USNM 355348. x5. 
2. Face view showing elliptical outline, median longitudinal groove and slightly emarginate base. 
3. Lateral view showing keel in plane of symmetry with apex being slightly more acute than base. 
4. Apical view showing lensoidal outline. 
5. Locule cast with adhering remains of endocarp, apical view. Holotype, USNM 424624. PC, x6. 
6. Permineralized endocarp in matrix, broken longitudinally showing thick endocarp wall and locule with remains of seed. UF 
9391. x5. 
7. Isolated locule cast, face view, showing emarginate base and somewhat broken at apex. USNM 424803. x5. 
8, 9. Stereo pair of same specimen in fig. 5, face view showing cordiform locule cast with adhering endocarp. PC, x6. 
10. Transverse section of specimen in fig. 2. TL, x5. 
11, 12. Successive transverse sections of specimen in fig. 7, showing remains of shrunken seed in locule. RL, x5. 
13-15. Transverse section of specimen in figs. 5, 8 and 9. 
13. Section near the equator showing partial remains of endocarp, shrunken tissue within the locule and the septum. 8.5. 
14. Section closer to the apex showing incomplete septum. x 8.5. 
15. Transverse section of the fruit wall, with locule at lower side of photo, showing two different sclerenchymatous layers. 
x 60. 
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ASR Aa lleswramipicansie ena cusp sUOVewee eae cece csi eee PPac teaser oe sc aetna pee ye See 100 
1. Lateral view, showing D-shape outline, andl coarse, fibrous ib UF 9557. PC, x 10. 
2. Same rotated 90°, showing hilar end and lensoidal outline. PC, x 10. 
3. Another specimen, lateral view, showing rounded contour and stright hilar margin to the left. Note the network of bifurcating 
surface ribs. Holotype, USNM 424729. SEM, x 20. 
4. Same, rotated 35°, showing the hilar area around which the surface ribs are interrupted. SEM, x 20. 
SSS. (GON aAT QUABH UST te CUS oe WONG aann edn Bon DEE ARO ooLena abo asde yAD DS aUuaoE oT doeendcabatae gatas ecaeonNeoEEc 101 
5. Lateral view, showing smooth Shes obovate Guaine math pedicel projection at base Holotype, USNM 355663. PC, x7. 
6. Same, basal view showing circular outline and central pedicel scar. PC, x7. 
7, 8. Stereo-pair of another specimen, lateral view, showing pedicel projection and rounded contours. USNM 435009. PC, x7. 
9. Same, basal view of pedicel scar. PC, x7. 
10. Larger specimen, lateral view, showing smooth surface and rounded outline. USNM 4350Il. PC, x7. 
11. Transverse section of the specimen in figs. 5, 6. RL, = 10. 
12. Specimen in fig. 10, sectioned longitudinally, showing thickness of middle layer and globose, smooth walled locule. RL, x8. 
13. Same as fig. 11, close-up, showing the middle layer composed of isodiametric parenchyma cells and the thin inner layer 
surrounding the locule. RL, x 50. 
WAS NOMS RL iD rialaramwi nels gens etcsps ml O Vary ers teeta er Face Se oes 8 KS aT 5 SVS AISE SRE SI eee risk Geytipasa nici g Ge eticayarset tee 100 
14. Seed, face view, showing elliptical peed Body main gnehatae wing. Wing Sartially Factrecdt: away on left Bide: UF 6286. SEM, 
x 13. 
15. Seed, lateral view, showing longitudinal wing. UF 9867. SEM, x15. 
16. Seed in face view with partially intact wing. USNM 435058. x 10. 
17. Seed in face view, showing the surrounding wing which has broken in places along the left side, and showing the aril-like 
structure near the apex. Holotype, USNM 435057. x 10. 
18. Same, median transverse section, showing wing at top of figure, broken remains of the wing at bottom of figure, and elliptical 
outline of endosperm within the inner seed coat. RL, x 20. 
19. Same, showing two distinct layers of seed coat, and cellular makeup of the endosperm. RL, x 50. 
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1-4. Hexacarpellites hallii gen. et sp. nov. Holotype, USNM 424653. : seer Brea ce eronG Ho 101 


5-8. 


1. Lateral view, showing prolate outline and longitudinal grooves. PC, <8. 

2. Transverse section near equator, showing six radially arranged, more or less elliptical locules surrounding a prominent 
central axis, with each locule having one seed. RL, = 10. 

3. Transverse section near the apex, near the ends of the locules. RL, = 10. 

4. Detail of seeds within the locules, transverse section. RL, x 20. 


Joejonesia globosa gen. et sp. nov. Holotype, UF 9260. : : ; ; vt lee eae 102 


5. Basal view of endocarp, showing two valves, venose surface and ety ecaia outlines x 5: 
6, 7. Stereo-pair, lateral view, broken to show thick wall, thin layer lining the smooth locule and longitudinal keel within the 
locule. * 5. 
8. Transverse section showing large polygonal cells making up the endocarp wall, and poorly preserved cells lining the locule. 
x 30. 


. Lignicarpus crassimuri gen. et sp. nov. te ata Des eS 102 


2 Stereo-pair showing pyriform shape and coarse, fe etadinaly striate surface. Holow pe UF 61 1 ie x5. 
11, 12. Stereo-pair of same, other side, broken and revealing pyriform locule. 
13, 14. Stereo-pair of another specimen showing longitudinal ribs and striations, UF 6578. PC, x5. 
15. Transverse section of same specimen showing thick endocarp wall and single locule. RL, = 10. 
16. Close-up of the same, showing fibers composing the endocarp wall, with interspersed clusters of smaller vascular elements. 
RL, x25. 
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1-12. Lunaticarpa curvistriata gen. et sp. nov. ..... : : BIS Se ain RO Ee OETA e Den eens eee 103 
1. Endocarp, lateral view, showing rounded margins and arched striations parallel to the outline of the dorsal margin. Holotype, 
USNM 435020. x 7.5. 
2. Same, dorsal view showing seed thickness, bisymmetry. 7.5. 
3, 4. Stereo-pair lateral view, showing arched striations. USNM 422527. PC, x7.5. 
5. Endocarp with relatively smooth surface and faint striations. UF 6340. PC, x7.5. 
6. Endocarp, ventral view, showing circular attachment scar. USNM 435027. 7.5. 
7. Specimen with endocarp partially fractured away revealing curved locule cast. USNM 435045. x7.5. 
8. Locule cast. Lateral view, showing dorsal curvature and faint ruminations. USNM 435029. PC, x5. 
9. Same, end view, showing longitudinal keel. PC, x5. 
10. Longitudinal section of the specimen in fig. 5, showing crescent shaped seed cavity. RL, x 10. 
11. Longitudinal section, showing large condyle, and seed coat. USNM 435034. TL, x 10. 
12. Detail from fig. 11, showing cells of the wall adjacent to condyle, and the seed coat. TL, x25. 
13-16. Omsicarpium striatum gen. et sp. nov. Holotype, OMSI Pb265. sree eP ates Hae Pane ets cays gata ec stay ap vasa asasntoeces opie afte A 104 
13. Lateral view showing ovate outline and surface striations. 1.5. 
14. Same, rotated 90 degrees. x 1.5. 
15. Basal view. x 1.5. 
16. Tranverse section showing single locule and thick wall. x 2. 
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Lateral view showing more or less circular outline, persistent pedicel ane fae wavy piece striations. Holofype: UF 8483. 
x 1.5. 

Same specimen, basal view, showing circular outline and radiating striations. x 1.5. 

Same, transverse section, showing circular locule and thick wall. RL, x 1.5. 

Smaller specimen, broken to reveal circular locule cast. USNM 354386. x 1.5. 

Equatorial transverse section showing construction of the fruit wall. Arched line at base of figure is the locule lining. Holotype, 
UF 8483. RL, = 10. 

Same, Transverse section through the mesocarp region. x 15. 

Same, near the periphery, showing transition from mesocarp to exocarp. = 15. 

Same, Detail of the mesocarp, showing anticlinally oriented elongate cells. x65. 


9-17. Wicronhallis perplexus, gen. Et. SPANIOVs | sa.c28i ses dash bie eae Gn Re oS I ae 2d ne Soe sae eee eee oe Ree ee 103 


wl2 


9. Ventral surface of seed showing dentral depression: radiating «i striations and Seainratny3 madicle ‘USNM 355414. PC, x8. 
10. Same, dorsal view, showing raised circular area chalaza (?) and coarse striations. PC, x8. 
2. Stereo-pair of same, viewed laterally, showing raised chalazal (?) area slightly curved longitudinal axis. PC, x8. 
13. Chalcedony embryo cast, showing characteristic “screw eye’? morphology. UF 5242. PC, x8. 
14. Ventral view, with smooth rounded base and shallow central depression, and protruding cast of the radicle. Holotype, UF 
5243. PC, x8 
, 16. Same, dorsal view. PC, «8 
17. Longitudinal thin section of a seed showing relatively thick seed coat composed mainly of large rectangular cells, surrounding 


a looped seed cavity with an island of tissue composed of smaller compact cells. Section is slightly oblique and therefore 
does not show the complete loop of the embryo. UF 6346. TL, x15. 
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1-5. Pistachioides striata gen. et sp. nov. Holotype, USNM 422387. PC, x3................-.. Sema erarce 105 
1. Dorsal view, showing ovate shape, median longitudinal keel and faint diagonally pemeecde striations. 


2. Ventral view, showing continuation of the keel, rounded base and pointed apex. 
3. Lateral view rotated 90° from fig. 2, showing faint surface striations oriented diagonally from upper right to lower left. 
4. Basal view, showing rounded rhomboid outline, central attachment scar and the two valves meeting to form the keel in the 
plane of bisymmetry. 
5. Top view. 
GSS NGHMRORATAOTAHGH AIO CLE DS WOKS og ann boc dee Oe aot Ro Ioan ete a pee Ere oro o oe ener terrae ensues ee ene corms oie ce eee cre eee 104 


6. Lateral view, showing reticulate sculpture, pounded apical and lateral margins and hilar notch. USNM 355052. RL, x15. 
7. Lateral view showing rounded outline, prominent notch with hilar scar (h) and micropylar point (m). Holotype, UF 6500. 
SEM, x15. 

8. Same, ventral view, showing typical narrow thickness, details of hilum and micropyle. SEM, = 15. 
9. Lateral view of a specimen with portion of outer layer broken away revealing underlying cells. USNM 424746. SEM, x 20. 
10. Surface detail from the specimen in fig. 6. SEM, = 30. 
11. Lateral view of a seed cast with portions of surface reticulum preserved. USNM 424685. PC, x15. 

2, 13. Same, stereo-pair, ventral view. RL, x15. 
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Figure 
1-4. Pasternackia pusilla gen. et sp. nov. 


5-8. 


. Pileosperma ovatum sp. nov. 
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1. Lateral view, showing ovate outline and typical reuiculate eoulpaie: WE 9605. SEM, x44. 
2. Apical view, showing circular outline and meridional rows of cells. Holotype, UF 9604. SEM, x42. 
3. Same, oblique-lateral view, showing narrower band of cells (right) that may represent course of the raphe. SEM, x40. 
Another specimen, abraded apically. SEM, = 40. 
Pileosperma minutum gen. et sp. nov. ssedodyautienels apeitntad trana iets eucvelaseeeat Fee eT Te ah ani psd kets aaay fee eT eee eee 104 
5. Internal mold of seed coat, viewed ventrally ehowane mide obtuse apex, rounded ste andl Grenkans ‘cap’. Holotype, UF 6606. 
SEM, x20. 
6. Another similar seed, viewed ventrally. UF 6425. SEM, x 20. 
7. Detail from fig. 5, showing a faint coarse rectagular reticulum superimposed on smaller polygonal cells. SEM, = 52. 
8. Detail of the basal end of the specimen in fig. 5, showing the circular cap. SEM, = 50. 
Se she AE IN Sys a foshiie 2.0 coe GAS SODA Re Se Oars Ses Suen CEN EEO ST 105 
9. Internal mold of seed coat, fatcrale view, Pchonine caiforaly aneled apex, pounded base aad Baca cap. SHolonpe. USNM 424751. 
SEM, x20. 
10. Another specimen, of shorter length. USNM 424755. SEM, x 20. 
11. Same, basal end, enlarged to show cells of seed coat and circular cap. SEM, = 62. 


= 


PALAEONTOGRAPHICA AMERICANA, NUMBER 58 PLATE 55 


ETL 1) 
Pray 


PLATE 56 


PALAEONTOGRAPHICA AMERICANA, NUMBER 58 


Figure 


CLARNO (EOCENE) FRUITS AND SEEDS: MANCHESTER 185 


EXPLANATION OF PLATE 56 


la. JRalenaiaa GVMaalaWe (ae GLOGS ONE sos asus anatase Sib on Su cnAo Eos soonee doers PpeSS ese aenb ep oe pawEre Ne ceAeOwE AC Snne 106 


9-12. 


13-16. 


1. Permineralized fruit, lateral view prior to eectioninel ina apex eorakent Note widely Beaced foneitainal ribs. UF 5665. x4. 
2. Permineralized fruit, lateral view prior to sectioning, with part of pedicel and perianth disk persisting at base, showing elliptical 
outline and smooth surface. Holotype, USNM 355493. x4. 


, 4. Same, stereo-pair, basal view, showing circular perianth disk and faint longitudinal ribs. x 4. 


5. Same, transverse section, showing thin pericarp, and single locule with numerous ovoid seeds in parenchymatous tissue. RL, 
x8. 
6. Transverse section of the specimen in fig. 1, showing single large locule with numerous seeds. Etched, RL, x8. 
7. Fracture surface through a permineralized fruit, showing rounded surface of seeds embedded in parenchyma. UF 5673. SEM, 
x15. 
8. Section of the same specimen, showing the peripheral regions of two neighboring seeds. Note the adjacent parenchyma cells 
and the finely interwoven cells of the seed coat. RL, x 100. 
RQNDEOSDA TAA GHEDVTO TEN; Ci Sos NON Ga aeons g ancn nace Sone po ooneene oon phos aos puabucemesen Aodu sor nie Gone eaeceneees 4 105 
9. Lateral view showing reticulate marie and Penocien margins nccinet to area an angle at hilum. USNM 355448. SEM, x50. 
10. Same, face view showing apical dorsal keel. SEM, x 50. 
11. Larger specimen, lateral view. Holotype, UF 9830. x50. 
12. Same, enlarged. SEM, x 100. 
ERURILIGAD ARCeVall OSIUMPEN et SD ANOVA OlOty pen WEL O 209» ae ia ne cee ete rele evel ele eget eels onl see ie) deteeesle eele eyevereds 106 
13. Endocarp, lateral view, showing longitudinal rb of carpel closure. Giraneverse het is the plane of section seen in fig. 15. x 1.5. 
14. Same, base, showing circular outline, pedicel scar and a single longitudinal rib. PC, x 1.5. 
15. Same, transverse section, showing thick wall of endocarp with suture at top of the figure, and single locule with remains of a 
thin seed coat inside. RL, x 2. 
16. Same, enlarged to show cells composing the endocarp and the suture horizontally oriented. RL, acetate peel, = 20. 
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. Specimen showing wing with straight upper margin anal convex lower margin, and elliptical endocarn! OMSI Pb1381. 
2. Specimen showing three or more sepals arising from the endocarp, right side, and wing with three strong subparallel veins. 
Holotype, OMSI Pb1018. 
3. Well-preserved specimen from the Clarno White Cliffs locality, showing acutely pointed distal wing margin, and two style 
arms protruding from the endocarp. UF 11696. 
Pulvinisperma minutum gen. et sp. nov., seed casts. SEM, = 30. : : MG icin caha.c & 107 
4. Lateral view, showing rounded base, pointed micropylar projection. Holotype. UF 9740. 
5. Lateral view. UF 9741. 
6. Lateral view. UF 9742. 
7. Face view, showing narrow width, apical keel and hilum. UF 9743. 
8. Lateral view. UF 9849. 


2 -PYrISenen\ All eruartrmi gen CUS Pe-TMO Vane sax saieta erers ieee ee es te epe rate ey ede eect ee oe essed = pee oe 107 


9. Chalcedony cast, face view, showing womtede apex and rounded basal truncation. UF 6402. “SEM, x15. 
10. Chalcedony achene cast, lateral view, tilted back slightly to show circular scar at base. Holotype, UF 6463. SEM, x15. 
11, 12. Stereo-pair of the same, achene preserved in translucent silica showing silhouette of the seed cast inside. TL and RL, x 10. 


. Quintacava velosida gen. et sp. nov. Holotype, USNM 424805. ss f : ane ae Sesinoeecken Fs Golesi eee 108 


13. Lateral view, showing rounded subconical shape. x 4.5. 
14, 15. Stereo-pair of base, showing the central pedicel scar and the rounded bulges of the five lacunae. x 4.5. 
16. Transverse section near base, showing five radially arranged slender pyrenes alternating with the lacunae. RL, x5. 
17. Detail of wall, transverse section, showing uniseriate locule lining (right side), rows of vertically oriented fibers and scattered 
circular resin/gum ducts. RL, x 24. 
18. Same, note lack of lining bordering lacunae (left side). RL, x 24. 
19. Transverse section showing isodiametric cells of the pericarp. TL, «45. 


. Pruniticarpa cevallosi gen. et sp. nov., detail of cells composing endocarp. Locule and thin seed coat are to the right. Holotype, 


UF 9209. RL, x55. F : : : er eee SPARRO SH Aad a8 0. 106 
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1-9. Scalaritheca biseriata gen. et sp. nov. SD SHEA ADed Hoan eed date ee hs en ewan 109 
1. External view of a fruit with Sart fine yall fired away prevesline a row of elongate: cia peed iHolowpe: UF 5674. 
x8. 
2. The same, sectioned longitudinally through the row of about even seeds. x8. 
3. Same specimen sectioned longitudinally at mght angles to the section in fig. 2, showing median septum, and a row of seven 
seeds. 
4. Specimen fractured longitudinally showing the thick median septum and two rows of about eight seeds. UF 6107. x10. 
5. An isolated seed from one of the fruits. UF 9603. SEM, x 18. 
6. Specimen showing the median septum adjoined by a row of intact seeds (mght) and the impression of a row of dislodged 
seeds (left). UF 6281. SEM x 10. 
7. Same, light microscopy. PC, x8. 
8, 9. Same, rotated 90°, stereo-pair. <8. 
10-14. Sambucuspermites rugulosus gen. et sp. nov. ... eae See Oda sire ome sport eeoee eee ; sans 108 
10. Group of three seeds in siltstone. OMSI PbIT716. x 12. 
11. Seed cast. UF 6398. x30. 
12. Seed cast, dorsal view, showing ovate outline and rugulate surface sculpture. Holotype, UF 6424. SEM, x 32. 
13. Same, ventral view, showing low median ridge leading to the hilum (h), and rugulae. SEM, x 32. 
14. Same, lateral view, showing thin profile. SEM, = 30. 
IS=Ik/AeeS DA ACKOSPENIMIGMLIES I TSENAC LISD SNOVAPAOlOLY Pes WENO TAG! sscziaacaiee pers sets eyes cvrustess </<cceyete ais) sreyeercrctaeeys goete) ooerausieicierereseietessieysiec ous 110 
15. Specimen in siltstone matrix, showing globose morphology, wall partially broken away revealing dark silicified inner tissue. 
Transverse line is saw mark indicating the plane of section for figs. 16, 17. x 1.5. 
16. Transverse section, showing wall of uniform thickness surrounding disrupted inner tissue. RL, x 1.5. 
17. Section showing detail of wall, locule to the left. Note lining of rectangular to columnar sclereids and uniform tissue making 


up remainder of wall. x40. 
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1-7. Scabraecarpium clarnense gen. et sp. nov. shade eS) Suaes Spang tue OB busya acirentaden yaneveltgreet s Sesicllecd Ss) sna, tee Sah eee ere (e Ary naan See ae are 108 
1. Endocarp, lateral view specimen showing obovate eutine cauidl warty eitiaee Seite: Holowpe. USNM 355066. x1. 
2. Same, apical view showing circular outline. 
3. Endocarp, lateral view, showing warty surface sculpture, rounded apex apex and nearly flat base. USNM 354201. x 
4. Same, apical view, showing lateral compression, elliptical outline. x 1. 
5. Transverse section of holotype specimen in fig. 1, showing circular outline, thick fruit wall and single circular locule. RL, 
x2. 


6. Transverse section, specimen in figs. 3, 4, showing elliptical outline, single locule and stratification within fruit wall. RL, 


x 1.5, 
7. Anatomy of endocarp, transverse section, showing files of rectangular cells and oblique fibrovascular traces. UF 8481. RL, 
x15. 
S= lew S CAD NICAL PIU QALALAITE EMAC LAS [2 AT) ON eee apes ars sh eee crates gat ota ase ee are vse teeta Sa evens ieee 109 


8. Infructescence in matrix with ellipsoidal faite radiating fom central Pecepradle: Holonpe USNM 312750. x2ES: 

9. Chalcedony locule cast removed from infructescence in fig. 8, dorsal view showing pointed apex, rounded base and smooth 
surface. x 7.5. 

10, 11. Stereo-pair of the same, lateral view. = 7.5. 

12. Same, locule cast, apical view showing convex dorsal surface and concave ventral surface of locule cast. x 7.5. 

13. Transverse section of fruit removed from infructescence in fig. 8, showing crescent shaped locule and ventral infold of the 
condyle. = 7.5. 

14. Transverse section of specimen with intact pericarp, showing crescent shaped locule cast. UF 9523. x 12.5. 

15. Transverse section of specimen with the seed, endocarp and mesocarp tissues intact. USNM 355368. x 10. 

16. Detail of mesocarp from fig. 14. 65. 

17. Isolated locule cast, ventral view showing central circular placental scar. UF 5238. x 7.5. 
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Figure Page 
1-6. Striatisperma coronapunctatum gen. et sp. nov. DNs SERS RN Te Ste cart ea ea chet aI AO aa ERA Eee iL ork ee eee sesee 111 
1. Seed, lateral view, showing longitudinal striations etl pounded Quine: Holotype, USNM 424694. PC, x6. a. 
2. Same, basal view, showing circular outline and radiating striations. PC, 6.5. 
3. Same, apical view. PC, = 6.5. 
4. Apical view of a specimen showing rectangular cells making up the striations and a cycle of about || circular scars surrounding 
the apex. UF 8812. SEM, x 10. 
5. Two seeds adjacent in matrix, with a placenta between them. UF 8718. PC, x 5.8. 
6. Detail of surface showing one layer of rectangular cells stripped away to reveal another similar surface. USNM 424873. SEM, 
x 15.5. 
| OMS uhenospenmarivaccatumicensetispsno,- Holotype; WE S666 5 12 -eere cre cote eistedstevareie aero cieteeayeicic eeieter ie cle reraee veerers a IO 
7. Transverse thin section, showing nearly circular outline of fruit, and five well developed seeds. RL, <5. 
8. Same, enlarged, showing an undeveloped seed (arrow) between two fully developed seeds. RL, 6.5. 
9. Same, showing T-junction of septum with fruit wall, with a seed on each side of the septum. RL, x 20. 
10. Closeup of the seed coat, showing inner layer (right) of isodiametric cells, and outer layer of columnar cells. RL, x50. 
11-14. Stockeycarpa globosa gen. et sp. nov. Holotype, UF 9747. ....................-..--.. Li OS a A ing A cee PS he 111 
11. Fruit exposed in matrix, showing spheroidal shape and eaiteayh outer sities x5. 
12. Same, sectioned transversely, showing circular outline. RL, x5. 
13. Same, enlarged showing parenchymatous layer partially pulled away from the outer layer. RL, <8. 
14. Detail of the wall showing inner thin layer of anticlinally elongate cells, middle layer of parenchyma, and outer layer of 


anticlinally oriented fibers. RL, x40. 
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Figure 


1-9. Tenuisperma ellipticum gen. et sp. nov. 
. Seed, face view, showing rounded base, Brotailine apex and smboil Sees Helios ‘UF 6108. x 5. 
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2-3. Same, stereo-pair, lateral view, showing thin, wavy profile and characteristic band with a medial groove running from near 
the apex to the base formed by the margins of the two cotyledons. x 5. 
4. Detail from same specimen, lateral view showing folded nature of the lateral band terminating near apex. ca. x 10. 
5-6. Stereo-pair, face view. UF 9528. x5 
7. Same, basal view, showing the marginal band. x 5. 
8. Same, face view, showing cell pattern on the surface. = 35. 
9. Same, transverse section, locule to the left, showing anticlinally oriented columnar cells of the inner seed coat. x 50. 
LO=ISe Tirigonostelaoregonensis Bens EUSP yNOVae seca sue seen oateiae ais ree eee eis aac tiuieenseieiacle 1s een eee eee 112 
10. Chalcedony endocarp cast, lateral view, Beane pointed apex, plenkate outline) and Noneiudinel grooves between carpels, 
with some of the wall flaked away exposing smooth locule cast. Holotype, USNM 424671. PC, x8.5. 
11. Chalcedony locule cast with remains of the endocarp adhering apically. UF 6297. PC, 7.5. 
12, 13. Stereo-pair of a permineralized endocarp. USNM 424672. PC, x8. 
14. Same, rotated 120°, showing median line of septum. PC, x8. 
15. Same specimen as in fig. 10, apical view, showing tricarpellate construction, with one of the locule casts partially exposed 
(lower right). USNM 424671. PC, x8. 
16. Same as in fig. 11, apical view, x8. 
17. Transverse section showing remains of two of the septa, and large locules. USNM 424674. RL, x15. 
18. Transverse section of permineralized specimen showing collapsed locules completely filled by elongate cells. USNM 435042. 


RL, x15. 
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1-7. Tiffneycarpa scleroidea gen. et sp. nov. Holotype, USNM 355645. .................0..22... Jen aee Pieter sich rsece setea acc LD: 
1. Basal view of endocarp with mass of siltstone adhering, lower right. PC, x 3.5. 

. Stereo-pair, lateral view showing ellipsoidal outline, longitudinal fibrous grooves and oblique fracture, apex lost. PC, x 3.5. 

. Transverse section near base of fruit showing hollow central column and the base of three locules. RL, x4. 

. Transverse section at a higher level, intercepting seven locules. A line of loculicidal dehiscence extends from each locule. 
Three additional dehiscence lines indicate the position of abortive locules, so that the total number of carpels was ten. 
Etched, RL, x6. 

6. Transverse section near equator, showing central cycle of vascular traces alternating with the locules. Etched, RL, x6. 
7. Detail of locule containing remains of seed coat, and showing polygonal cells of the endocarp and dehiscences line. TL, 
x17. 

VSS TP aNeA AAA ca 1G ld oto) AV HI To) 115 (LAC OB TT ONS rele patois atin so G cieac ae einiCao Ieee reee earn ciceetrl cna cielo ts air co Gioia eis G0 ce cap cic Nokon ia aoe Cee toca 113 

8-11. Silicified seed with seed coat Biippedi away Pahowine casts nar inimal chambers. Holotype: UF 9288. PC, x10. 
8. Basal view showing Y-shaped partition dividing seed into three chambers: two large lateral chambers and a wedge- 
shaped central chamber, each of these chambers represented by a smooth chalcedony cast. 
9. Ventral view, showing the hilum at base, lateral chambers and apical protrusion of the central chamber. 
10. Dorsal view showing full length of the three chambers. Note the facet near the base of the central chamber, and the 
longitudinal ribs at the junction of the septa with the (now missing) seed coat. 
11. Apical view, showing rounded dorsal side and V-shaped ventral side. 
12-13. Another specimen. UF 9296. PC, x 10. 
12. Basal view, showing hilar scar at the junction of the three chambers. 
13. Ventral view. 
14. Transverse section of a seed showing the Y-shaped septa and a portion of adhering seed coat, upper nght. UF 9578. RL, 
x10. 
15. Transverse section of a seed with embryo in central chamber. UF 9577. RL, x 10. 
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1-12. Triplascapha collinsonae gen. et sp. nov. Se EE i ene eae tic ee Oe et RR RE emai oid ab Ad dGoor 113 


1 2) 


Stereo-pair, lateral view, prior to cue aa atenr as two recites casts and remains ae a dig ker structure near the apex. 
Holotype, UF 9472. PC, x7.5. 


. Stereo-pair, same, basal view, showing two intact, broadly concave, smooth-surfaced locule casts; another locule cast inferred 


from symmetry (lower part) is missing. PC, x 7.5. 


. Stereo-pair, lateral view, prior to sectioning. USNM 354051. = 7.5. 

. Stereo-pair, same, apical view, showing circular outline of disk-like structure, and trigonal symmetry. PC, x 7.5. 

. Transverse section of a specimen in matrix, showing two of the three locules. UF 9480. RL, <5. 

. Transverse section of the specimen in figs. 5—8, showing all three locules each with an intact seed. RL, x 7.5. 

. Transverse section of the specimen in figs. 1-4. RL, = 7.5. 

. Same, enlarged, showing anatomical details including layer of anticlinally elongate columnar cells and outer layer of paren- 


chymatous mesocarp. RL, = 50. 


IS—=20Siniplexivalva ru cataieen = etsSpanOVepasa ets cient ieee hee eee ete tees ernie Reamer e ede. 114 


13. 
14. 
15. 
16. 
lie 


18. 
9: 
20. 


Fruit, basal view, showing large pedicel scar, three vale aad nee surface. USNM 424798. PC, x6. 

Same, apical view, showing coarser rugulae and central scar. PC, x 

Larger, more triangular specimen, basal view. UF 5237. PC, ee 

Same, lateral view. PC, = 4.5. 

Small specimen, basal view, with two valves shed, upper side of photo, revealing smooth locule cast. Holotype, USNM 
424799. x8. 

Same, apical view, showing coarser rugulae. PC, x8 

Same, lateral view. PC, x7 

Specimen with two of the valves partially broken away showing thickness of wall. USNM 422396. PC, x4.3. 
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1=10! Drisepticarpium)minutum gen: et sp: nov. Holotype; USNM 424737. 2.02... 2. e cc cece ee ee ce eect ec cee cceteecotseeee 115 


le 
2-3. 


CONDE 


10. 


Lateral view, showing pyriform outline, rounded apex and narrow, truncate pase PC, x 12. 
Stereo-pair of the same, rotated 120°. Median groove occurs between adjacent carpels. Arrows indicate the levels of sections 
illustrated in figs. 5-9. PC, x 12. 


. Apical view, showing circular outline and trigonal mark delineating the three carpels. 
. Transverse section showing thin fruit wall and thick septa dilineating three locules with flattened seeds. RL, x25. 
. Transverse section, showing flattened seeds within the locules. Acetate peel, TL, x25. 


Transverse section at a higher level, with a large central triangular space and flattened locules. RL, x25. 

Transverse section near the base. RL, = 25. 

Transverse section near the apex, with one of the locules broken away. Note axile bulges, suggesting subapicial axile 
placentation. RL, x 25. 

Transverse section enlarged to show columnar cells of the septum and reticulate seed coat of the seed. Acetate peel, TL, 
x65. 


MIS 4aSlinuncatisemenyapotoidesceenuetispeiNOVs se riya arto eee ine enon. een eee epee Ub 


Ue 


NPAs NE} 


14. 


Lateral view, showing smooth surface, elliptical Ontine Ae Bpnaue truncation. Holotype, UF 6459. PC, x4, 

Same, stereo-pair, ventral view, showing narrow width, and a central depression within the elliptical outline of the truncation. 
PC, x4. 

Lateral view of specimen showing thin seed coat partially flaked away, longitudinal crease that may represent groove in 
embryo or endosperm, raised hilar scar at center of the oblique truncation. USNM 424650. PC, x 5.5. 
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Figure 


1-8. Ulospermum hardingae gen. et sp. nov. 
. Chalcedony locule cast, lateral view, “ati some of the erdne Bahenne to “the aaaenitient region. USNM 414509. BG 


9-16. iM theelera lignicrusta gen. et sp. nov. UF 9271. 
O08 
11. 


12 


13. 
14. 
Wey 
16. 
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. Chalcedony locule cast showing concave scar of attachment, micropylar/stylar point and relatively smooth surface with fine 


punctae. UF 9566. PC, x2.5. 


. Same, transverse view showing oblong, rounded outline, and complex attachment scar with numerous protruding vacular 


strands. x 2.5. 


. Specimen in matrix with adhering endocarp, oriented transversely, showing complex attachment scar. Holotype, USNM 


355363.°% 3: 


. Same specimen in same orientation, partially sectioned to show wall thickness. = 2.5. 
. Same, detail of endocarp wall showing two lacunae or resin ducts. RL, = 25. 
. Endocarp wall showing thin uniseriate locule lining, surrounded by a layer of anticlinally aligned small cells that grade into 


an outer layer of larger cells. RL, = 40. 

. Acetate peel section of the same. TL, = 50. 

Ariat 22) 1G 
Stereo-pair of fruit prior to sectioning, with apical portion of pericarp ee away exposing the focule cast. PC, x4. 
Transverse section, showing single locule with thick wall. RL, x5. 


2. Same, more enlarged to show somewhat shriveled seed coat within the locule. Note dark layer of locule lining (endocarp) 


surrounded by anticlinally oriented cells of the mesocarp. RL, x 6.5. 

Same, basal view showing nearly circular outline. PC, x 4. 

Same, apical view. PC, <4. 

Detail of pericarp showing anticlinally oriented short fibers. RL, = 20. 

Same, showing columnar cells of the locule lining, many containing rhomboidal crystals (seen in section as white squares). 
RL, x70. 
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Carpolithus bellispermus Chandler. . . 5 Serre se | ELG 
1. Seed, dorsal view, showing ovate outline ane intact Daal ibrar region. UF 8544. x 16. 
2. Seed, dorsal view, with well-preserved seed coat, broken apically. UCMP 10696. = 16. 
3. Same, ventral view. x 16. 
4. Complete specimen viewed ventrally with transmitted and reflected light showing silhouette of rounded endosperm cavity 
with obliquely truncate apex. UF 8545. x 16. 
5. Internal mold of seed coat, ventral view, showing low, rounded, median ridge and obliquely truncate hilar region. UF 
8554. PC, x 16. 
6. Same, basal view, showing rounded dorsal surface, and low, rounded, median ventral ridge. SEM, x 25. 
7. Transverse section showing tuburculate seed coat. UF 6607. x 20. 
8. Same, detail of of tuburculate cells comprising the seed coat. = 40. 
9. Detail from fig. 3, showing tuberculate outer surface of seed coat. x35. 
10. Paradermal view of cells making up the inner layer of seed coat observed through the translucently preserved outer layer 
of seed coat of seed in fig. 4. UF 8545. 80. 
Carpolithus sp. 1. USNM-355686. PC, x5. x : hee Rr oe 117 


11, 12. Stereo-pair, showing elliptical outline and foneicucinal ae 
13. Basal view, showing stellate central scar and radiating longitudinal ribs. 
14. Apical ae showing cleft, left side, and prominent longitudinal ribs. 

Carpolithus sp. 2. USNM 424719. .. ; Mra otters te 117 
15. Achene, Sisteral view, showing truncate fee rounded margins Rend Gaited Ginnie SEM, x «20. 
16. Same, tilted to show base with smooth elliptical scar. SEM, = 20. 

Carpolithus sp. 3. USNM 355069. fe ; eS Posie : Bs 117 
17. Lateral view, showing wide elliptical outline and emooth aivsntes PC, x 5 
18. Transverse section, showing the thick wall of seed and pair of thick cotyledons. RL, x5. 
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ot sia sp. 4. USNM 424652. : : : 23.09 OSes 117 
Stereo-pair, ventral view, showing median joneieuainal ridge. PC, x8. 
: 4 Stereo-pair, lateral view, showing smooth surface. PC, = 8. 
5. Transverse section, showing the seed coat pulling away from the locule at upper left. RL, x 15. 
. Carpolithus sp. 5. UF 9758. : PRA ah cic 117 


6. Transverse thin section, showing a single locule ie a shriveled seed coat. RL, x 20. 

7. Same, enlarged, showing thick endocarp surrounded by a uniseriate layer of thin-walled rectangular cells. RL, = 50. 

8. Detail of fruit wall, showing interdigitating cells of the endocarp, the surrounding uniseriate layer of thin-walled rectangular 
cells, and an outer layer of smaller rectangular cells. RL, = 150. 


. Carpolithus sp. 6. USNM 424738. ; q yes ae baat FANG. b oaeht Ae ee ee ee 118 


9. Fruit in lateral view prior to sectioning. PC, x7 

10. Basal view, showing more or less circular outline, and central attachment scar. PC, x7. 

11. Equatorial transverse section, showing thick-walled seed or endocarp with a keel in plane of symmetry and a veruccate 
outer surface, surrounded by mesocarp composed of large cells. RL, = 10. 

12. Transverse section at a level 1/3 of the distance from the equator to the base, showing placental attachment area. RL, 
x 10. 


. Carpolithus sp. 7. USNM 355637. ater Sagoo epee 118 


13, 14. Stereo-pair, apical view, showing smooth to wrinkled Sunbice: rarely Genta truncation. PC, x4. 
15, 16. Stereo-pair, lateral view, showing the domed apical truncation, rounded sides and base. PC, = 4. 


PALAEONTOGRAPHICA AMERICANA, NUMBER 58 PLATE 67 


ay Ae 


- 


PLATE 68 


PALAEONTOGRAPHICA AMERICANA, NUMBER 58 


Figure 


144. 


10-14. 


15-19. 


CLARNO (EOCENE) FRUITS AND SEEDS: MANCHESTER 197 


EXPLANATION OF PLATE 68 


Page 
Carpolithus sp. 8. USNM 422526. er See cre perth ar ie ee: ee Ss 
1. Lateral view, showing truncate base, Pounded margins. PC, x6. 5. 
2. Basal view, showing circular scar. PC, 6.5. 
3. Tranverse section showing thick wall, and single locule. RL, x8. 
4. Transverse thin section, showing wall made up of more or less isodiametric cells. RL, = 50. 
Pen EA DOLLERTUSES Doo Merci N erie Meee SET cee RAST Sees Bh8i oO te aa, SLs ce ATTA MeN aa de HETERO AFT ele Tae cea. wei eet seperate 118 


5. Specimen viewed mterally! eowine one Of ihe three, joneiuucinal eels) and oaaastiae basil eraicction’ UF 9556. SEM, 
x14. 
Same, tilted to show triangular pattern at base. SEM, = 14 
Specimen viewed basally, showing triangular pattern, central circular area. UF 6457. SEM, x 14. 
Apical view of a specimen in matrix with part of the outer wall intact. UF 9550. SEM, x 14. 
9. Same as fig. 7, light microscopy. UF 6457. RL, x 14. 
Carpolithus sp. 10. ET Ge Grr og LP OE OREM OT Oe cnet eM ERTS hc anete rete Neaaee nye oaths be BOY) 

10. Ventral view, Menomine inners outline and ellipieal luce minicle® USNM 435102. SEM, x21. 

11. Same, oblique lateral view, showing depth of seed. SEM, * 23. 

12. Similar seed, ventral view, partially broken apically, showing curved embryo cavity within. USNM 435103. SEM, x 24. 

13. Another specimen, apical view, showing keel (fractured) in line with hilum. USNM 435105. SEM, x 23. 

14. Same specimen as in fig. 12, lateral view, showing relatively flat ventral margin, convex dorsal margin. SEM, x 20. 
Carpolithus sp. 11. USNM 424625. PC, x5. PE Re onthe CTE eR nT ARC EEE cs eR EAE th ey. iy See earen ere e a) (IES) 
15, 16. Stereo-pair, ventral view, showing iareral ruminations ai are inemieted in the Peedinl area. 

17, 18. Stereo-pair, dorsal view, showing median keel, and lateral ruminations. 

19. Lateral view, showing ventrally concave curvature and narrow outline. 
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13-16. 


; Peet sp. 13. UF 9744. 


. Carpolithus sp. 14. UM 66137. 
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See ees sp. 12. USNM 326719. a Ore ere ee ere ere ee AREA A Ba ccaa bad 119 
. Chalcedony cast of fruit, lateral view, enomine qa ronnded erence’ will mencronalis grooves beneeen ihe eat. P@y x3: 
2. Same, basal view, showing five radially arranged carpels. PC, x 3. 
3. Same, apical view, showing a median keel on each of the carpels suggesting loculicidal dehiscence. x 3. 
4. ie specimen, sectioned transversely, showing radially arranged thin septa, some of which are ruptured, and empty locules. 
x5, 


5. Lateral view of endocarp with adhering bits of siltstone, showing roid mee x 3. 

6. Transverse section showing thick, more or less circular endocarp separated from the outermost thinner exocarp. RL, x5. 

7. Same, enlarged to show endocarp composed of short, anticlinally oriented thin-walled cells. Locule is at top of fig. RL, x 40. 
8. Same transverse section showing exocarp composed of densely packed sclereids. RL, * 40. 


9. Lateral view. x3. 
10. Basal view, showing central attachment scar and circular outline, = 3. 
11. Transverse section, showing central group of seeds and surrounding parenchyma tissue, 3. 
12. Same, detail showing three pairs of seeds, one pair fully developed, = 8. 
Carpolithus sp. 15. UF 9548. : os ae then ene eee 120 
13. Ventral view, showing concave anche and two- lobed BrORpROlOey: PC, x x8. 
14. Dorsal view, showing convex surface and apical and basal clefts. PC, <8. 
15. Lateral view, showing strongly curved outline. PC, 8. 
16. Ventral view, enlarged to show striated pattern of cells on the surface. PC, x 25. 
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Carpolithus sp. 16. f ; . 120 
1-2. Stereo-pair of a block Of Recimient containing numerous Boras peenved as molds of the outer rmeulate piece and casts 
of the inner seed cavity. UF 9794. x4. 

3. Internal mold of seed coat nested within the carbonaceous external mold of seed coat, viewed laterally. UF 9795. x10. 

4. Similar view of another specimen. UF pias SEM, x10. 

5. Silicone cast of the specimen in figs. 1, 2, showing rugulate surface pattern of the seeds. SEM, x 10. 
Carpolithus sp. 17. UF 9768. ... Ce Rea ess sy Fuca} sisiss fs cecsh sai oof days caetl se ES aRe EES ects 120 


6. Locule cast with some of the pericarp panenae: Heel laterally. Equatorial cuts sndicate position OF transverse section 
shown in figs. 7, 8. x6. 

7. Transverse section, showing thick wall and locule with a single seed. RL, = 10. 

8. Same, showing parenchymatous layer surrounded by a uniseriate layer of anticlinally elongate sclereids. RL, x 25. 


. Carpolithus sp. 18. UF 6497. E IE or REIS PRET TERR aR SOE NO A Rr Pe a Te hese 2120 


#3 Basal view, showing eornprrceed neeneonall Surin! waitin central Pedicell atl medinn ket x5. 
10, 11. Stereo-pair, lateral view, showing thick pedicel attachment and rounded apex. 5. 
e Transverse section, showing thin fruit wall and empty locule. RL, x8. 


. Carpolithus sp. 19. USNM 422381. PC, x2.5.... ; Shake RL Aa ate rh erate ee Paice eA 


13. Lateral view, showing rounded outline and ionerudinals striations. 
14. Apical view, showing triradiate keel. 


. Carpolithus sp. 20. UF 9759. ... = RSS CMAN ee Ie EN IRON ise Pia ti She SO ee Oe Te a ee ee 121 


15. Transverse section showing meets circular foctite lined with Glace Cees! etl Aeeaular arickness ofibe enuied pericarp. 
RES x5: 
16. Same, showing detail of isodiametric sclereids composing the pericarp. RL, * 60. 
Five-parted flower. 1.3... : - Lae em tent Ro A ove ‘CPE SG ECE Eee een men OA 
Carpolithus sp. 21. USNM 422525. ae <page Gao : a Sica ee SEITE : ae Ree ‘ 121 
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NOTES ADDED IN PROOF 


1. Recent geologic mapping in the type area of the Clarno Formation has provided new information and an alternative interpretation of 
the local stratigraphic succession (Bestland et al., 1994, and written communication). The porphyritic unit immediately northeast of the Nut 
Beds, previously identified as an andesitic plug (p. 9), is now considered to be a dacite dome, composed of plagioclase-hornblende porphyritic 
dacite. Bestland et al. conclude that this dome was already a weathering topographic feature at the time of Nut Beds deposition because bake 
zones and alterations of the surrounding sediments are not evident, and because reworked clasts of the dacite occur in conglomerates within 
the Nut Beds. Whereas C. B. Hanson (1973) interpreted the Nut Beds to be separated by an unconformity from the mudflow deposits of 
Hancock Canyon, Bestland et al. consider these units to be approximately coeval. 


Bestland, E. A., Retallack, G., and Fremd, T. 
1994. Geology and age assessment of late Eocene fossil localities in the Clarno Unit, John Day Fossil Beds National Monument, central 
Oregon. Geological Society of America, Rocky Mountain Section, Abstracts with Programs, vol. 5, p. 4. 


2. A samara of Cedrelospermum was recently recovered from Messel, Germany, confirming the presence of this genus in the Middle Eocene 
of central Europe. In conformity with other European representatives of the genus, it has a terminal stigmatic cleft and lacks the small secondary 
wing typically found in North American species (Manchester, 1987b). The specimen, Me 7274, is in the paleobotanical collection of the 
Senckenberg Museum, Frankfurt and was examined through the courtesy of Prof. Friedemann Schaarschmidt. 


3. Fruits of Cruciptera have now been described and illustrated in detail on the basis of specimens with excellent cuticular preservation 
from the Middle Eocene of Messel, Germany. Cruciptera schaarschmidtii samaras are about half the size of C. simsonii samaras, but the two 
species are difficult to distinguish morphologically. Epifluorescence microscopy of the Messel specimens reveals that Cruciptera possessed 
peltate glands, another character attesting to its affinity with the Juglandaceae (Manchester et al., 1994). 


Manchester, S. R., Collinson, M. E. and Goth, K. 
1994. Fruits of the Juglandaceae from the Eocene of Messel, Germany, and implications for early Tertiary phytogeographic exchange between 
Europe and western North America. International Journal of Plant Sciences, vol. 155 (in press). 


4. In addition to vitaceous seeds, the grape family is represented in the Nut Beds by anatomically preserved wood. Based on a thorough 
survey of available extant vitaceous woods, Wheeler and La Pasha (1984) recognize two distinct taxa in the Nut Beds, both of which are 
assigned to a new extinct genus, Vitaceoxylon Wheeler et LaPasha. Although the fossil species are vines with anatomical characters diagnostic 
of Vitaceae, they do not conform to any one extant genus of the family. This new information from woods raises the intriguing possibility 
that seeds morphologically identical to those of certain modern genera might have occurred on vines that were anatomically distinct from 
modern genera. 


Wheeler, E. A. and LaPasha, C. A. 
1994. Woods of the Vitaceae—fossil and modern. Review of Palaeobotany and Palynology, vol. 80, pp. 175-207. 
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SYSTEMATICS AND EVOLUTION OF CENOZOIC AMERICAN 
TURRITELLIDAE (MOLLUSCA: GASTROPODA) I: PALEOCENE AND 
EOCENE COASTAL PLAIN SPECIES RELATED TO “TURRITELLA MORTONI 
CONRAD” AND “TURRITELLA HUMEROSA CONRAD” 
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ABSTRACT 


Gastropods of the family Turritellidae are among the most important components of macrofossil assemblages in the Paleocene 
and Eocene of the U.S.Gulf and Atlantic Coastal Plains, and are of considerable biostratigraphic utility, yet their phylogenetic 
relationships have remained obscure. This paper treats 52 of these turritellid species, focussing on those related to the common 
and well-known species ‘“ 7urritella mortoni Conrad” and ‘*Turritella humerosa Conrad’’. Of the shell characters available in 
these species, the early ontogeny of spiral sculpture is believed to be the most reliable homology and so the best indicator of 
phylogenetic relationship. 

Because of the relatively high completeness of the Coastal Plain stratigraphic section, and the relative paucity of shell 
characters in these species, a two-step approach to phylogenetic analysis is used. Atemporal cladistic procedure, considering 
supraspecific turritellid taxa from other times and geographic regions, is used for analysis of relationships of species groups. 
Stratophenetic methods are used for analysis of relationships of species within these groups. 

The genus Turritella Lamarck has long been recognized as a form-genus and taxonomic wastebasket, but the taxonomic 
diversity and subtlety of morphological difference in turritellids, at least in the U.S. Coastal Plain, have hindered development 
of a coherent supraspecific taxonomy. This paper represents a first attempt at such a taxonomy. Three species groups are 
recognized: species most closely related to Turritella mortoni Conrad are placed in the new genus Palmerella; species most 
closely related to Turritella rina Palmer are placed in the genus Haustator Montfort; species most closely related to Turritella 
humerosa Conrad are placed (temporarily) in “*Turritella” sensu lato. 

Multivariate morphometrics are used, apparently for the first time in turritellids, to discriminate species and subspecies. In 
part with the aid of these methods, ‘*Turritella mortoni Conrad” is divided into four chronological/geographic subspecies: 
Palmerella mortoni mortoni (Conrad), P. m. mediavia (Bowles), P. m. postmortoni (Harris), and P. m. ssp. By similar methods, 
“Turritella” praecincta Conrad is divided into two geographic subspecies: ‘‘Turritella”’ praecincta praecincta Conrad and “‘T.”’ 


p. virginiensis n. ssp. 


Two species are recognized as new: ‘‘Turritella’’ toulmini, and Palmerella stenzeli. 
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INTRODUCTION 


In abundance of individuals and diversity of species, 
gastropods of the family Turritellidae are among the 
most important macrofossils in many Cretaceous and 
Cenozoic deposits worldwide (Allmon, 1988a). No- 
where is this more true than in Paleocene and Eocene 
strata exposed along the Gulf and Atlantic Coastal 
Plains of the United States, where turritellids are known 
from almost all marine units. Some beds contain vir- 
tually no macrofossils other than turritellids, varying 
in abundance from rare to densely packed; others con- 
tain a diverse mollusk fauna in which turritellids are 
of varying importance (Allmon and Dockery, 1992; 
Allmon and Knight, 1993). Although usually no more 
than one or two turritellid species are present in the 
same horizon, several beds contain as many as four or 
five. Here as elsewhere in the world, the abundance, 
wide geographic ranges, and relatively short strati- 
graphic duration of many turritellid species have led 
to their widespread use as guide fossils (e.g., Stenzel, 
1940; Sohl, 1977; Toulmin, 1969, 1977); together with 
ostreid and venericard bivalves, they are the among 
the most biostratigraphically important macrofossils 
in the region. 

The nature of Turritellidae as a group suggests, fur- 
thermore, that it may be fertile ground for studies of 
considerable general evolutionary interest. Turritellids 
appear to be an example of prodigious taxonomic di- 
versity but relatively little morphological disparity. 
Turritellid evolution has been a story of both abundant 
speciation and repeated development, in both time and 
space, of a relatively small variety of forms (Kotaka, 
1978; Allmon, 1987, 1994). 

In spite of this abundance, diversity and evident 
biostratigraphic and evolutionary importance, how- 
ever, Coastal Plain turritellids are poorly understood. 
Although considerable attention has been given to their 
description and classification, attempts at phylogenetic 
analysis have met with only limited success, and with- 
out coherent and reliable phylogenetic hypotheses, 
studies of evolutionary pattern and process in this pro- 
lific group have not been possible. This paper has three 
principle objectives: 1) to propose a preliminary, test- 
able phylogeny for a large group of turritellid species 
from the Paleocene and Eocene beds of the U.S. Gulf 
and Atlantic Coastal Plains, specifically those related 
to the common, conspicuous and well-known species 
Turritella mortoni Conrad 1830 and T. humerosa Con- 
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rad 1835b, which may serve as a basis for future evo- 
lutionary and biostratigraphic studies; 2) to present 
new formal descriptions of these taxa, most of which 
have not been systematically treated in more than half 
a century; 3) to place these species in the context of 
turritellids from other times and regions and begin the 
task of erecting a valid and useful classification and 
phylogeny of the entire family. Of the 69 species and 
subspecies in the family named from the Paleocene 
and Eocene of the coastal plain (excluding the genus 
Mesalia) (Allmon, 1988b), this paper treats in detail 
2. 


DIFFICULTIES WITH TURRITELLIDS 


Phylogenetic and evolutionary analyses of turritel- 
lids are difficult for a number of reasons. Very little is 
known about either the ecology or non-shell characters 
(e.g., opercular and radular form, soft-part anatomy) 
of living members of the family (see Allmon, 1988a; 
Allmon et a/., 1992, 1994). Therefore, in this respect, 
adequate comparative data do not exist for studies of 
fossil species. More importantly for the purposes of 
this paper, the simplicity of the turritellid shell limits 
the number of characters available for phylogenetic 
analysis of fossils. As noted by many authors over the 
years, the turritellid shell consists essentially of little 
more than a high-spiralled tube of roughly circular 
cross-section, ornamented externally by spiral cords 
and occasionally some minor axial sculpture. This pau- 
city of characters has several implications: 

1) Phylogenetic analysis. So few morphological char- 
acters are available in the shell of turritellids, and those 
available are so simple, that the possibility of homo- 
plasy is difficult to discount for almost any proposed 
set of relationships based on shell characters alone. For 
example, although Merriam (1941) and Marwick 
(1957a) have placed great emphasis on growth line 
form as an important taxonomic character, both au- 
thors also raise the possibility that growth lines can be 
susceptible to homoplasy. Several workers have em- 
phasized ontogeny of spiral sculpture, but MacNeil (in 
MacNeil and Dockery, 1984, pp.48—49) states that “it 
is difficult to imagine” that species of similar external 
form and sculpture are unrelated even though they 
differ in early sculpture. As a result of this ambiguity, 
other criteria usually must be used to derive phylo- 
genetic hypotheses. 

2) Definition of supraspecific taxa. With probably 
2000 named species and subspecies, fossil and Recent 
(Allmon, unpubl. compilation), the genus Jurritella, 
sensu lato, long ago ceased to be useful in the sense of 
facilitating data retrieval, yet efforts toward a mean- 
ingful subdivision have been hindered by lack of phy- 
logenetic knowledge. At least 35 generic or subgeneric 
names have been proposed for fossil or living species 
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in the subfamily Turritellinae alone (see Table 1), but 
few have come into general use. Definition of supra- 
specific taxa in the group has in fact tended to depend 
on unstated or ill-defined taxonomic philosophy (AIl- 
mon, 1992a), and as a result no serious supraspecific 
evolutionary hypotheses have been proposed. 

3) Biogeographic control. Without reliable phylo- 
genetic interpretation, biogeographic history cannot be 
interpreted; yet biogeography can influence prelimi- 
nary phylogenetic hypotheses by suggesting which spe- 
cies should be included in an analysis. I explore this 
relationship here by making use of both morphological 
and biogeographic data independently and together in 
a comparative fashion. 

Given the paucity of characters in fossil turritellid 
shells, it could be argued that a more appropriate meth- 
od of analysis for this group of animals would begin 
with exhaustive study of living taxa; fossil forms could 
then be viewed in the context of preliminary phylo- 
genetic hypotheses on this basis. I have not proceeded 
in this way for two reasons. The first is that the present 
is not an adequate guide to the past for many aspects 
of turritellid biology. Not only have ecological param- 
eters such as substrate and temperature preference pos- 
sibly changed (Allmon, 1988a, 1992b; Allmon and 
Knight, 1993), but the former pan-Tethyan distribu- 
tion of the group, like that of many cerithioid gastro- 
pods (Houbrick, 1981, 1984a; Jung, 1987), contracted 
in the late Cenozoic to a current center of diversity in 
the southwestern Pacific (see Allmon, 1992b for further 
discussion). Although it is probably true that data from 
fossils will seldom overturn a phylogenetic topology 
established on the basis of living taxa (Patterson, 1981), 
only the fossil record can document the actual course 
of evolutionary events in a clade’s history. In a group 
such as Turritellidae, which clearly has so substantial 
a previous history, Recent taxa do not provide suffi- 
cient information to answer many important evolu- 
tionary questions. 

The second reason is that one must start somewhere. 
Studies of living turritellids are few (e.g., Allmon, 1988a; 
Allmon et al., 1992, 1994: Lieberman ef al., 1993), 
and we know little about the biology of the great ma- 
jority of species. In any study, it would of course be 
ideal to know the outcome at the beginning. This is 
especially true in systematic work, where the result is 
so often greatly affected by the starting point; the char- 
acters and taxa included in a systematic study, partic- 
ularly of a diverse and widespread group, will often be 
influenced in part by the experience and background 
of the systematist. But where does one gain such ex- 
perience? This paper discusses some of the turritellid 
species from one region during one interval of time. 
Adequate understanding of the phylogeny of these spe- 
cies, however, depends on detailed knowledge of older 
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Text-figure 1.—Subjective estimates of the relative importance of 


the four principal shell characters used in the classification of the 
family Turritellidae since the description of the genus Turritella by 
Lamack in 1799. 


and younger species from elsewhere, knowledge that 
does not yet exist. I would like to know the morphology 
and distribution of all other turritellid species, but I 
do not. The hypotheses I propose here can therefore 
be no more than tentative, constrained by the very 
limited data that are available at present. I hope that 
they may serve as a basis for future systematic work 
in this important but neglected group of gastropods. 


HISTORY OF STUDY 


The history of systematic study of the Turritellidae 
has been well summarized elsewhere (Merriam, 1941; 
Allison, 1965, 1967; Allison and Adegoke, 1969), and 
only the main points will be touched upon here, es- 
pecially as they are relevant to the classification of 
Coastal Plain species. Several studies of Paleogene 
Coastal Plain forms have in fact contributed to the 
classificatory practice for other turritellids, and so the 
two stories are to some degree interrelated. 

Classification of the family can be usefully thought 
of as having proceeded through three partially over- 
lapping phases (Allison, 1967), during which more em- 
phasis was placed on one or another of the four most 
conspicuous conchological characters of the turritellid 
shell: whorl profile, form of the growth line, ontogeny 
of spiral sculpture, and protoconch form (Text-figure 
1) 

Lamarck erected the genus Jurritella in 1799 to con- 
tain the Recent western Pacific species Turbo terebra 
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Linnaeus, 1758. Lamarck’s generic description (1799, 
p.74) reads in full as follows: 


Cog. turriculée; ouverture arrondie, entiere, mais ayant un sinus 
au bord droit. 


(Shell turriculate; aperture round, entire, possessing a sinus at the 
outer edge.) 


Between 1810 and 1912 several generic names were 
proposed for species similar to 7. terebra; as Allison 
(1967) has pointed out, these names were based largely 
on differences in whorl profile, external sculpture of 
adult whorls, and overall shell form. These include 
Haustator Montfort, 1810, Smithia Maltzan, 1883, Ar- 
chimediella Sacco, 1895, Torculoidella Sacco, 1895, 
Altavillia de Gregorio, 1908, Callostracum Smith, 1909, 
Bactrospira Cossmann, 1912 and Peyrotia Cossmann, 
1912. As Allison has also noted, however, several other 
generic names were proposed during this period based 
on more detailed morphological criteria, especially form 
of the growth line. These include Proto Defrance in 
Blainville, 1824, Tachyrhynchus Morch, 1868, Pro- 
toma Baird, 1870, Turritellopsis Sars, 1878, and Col- 
pospira Donald, 1900. In addition, Gray (1847) de- 
scribed two genera in the group (Torcula and Zaria), 
but without descriptive comments of any kind. 

Cossmann (1912) reviewed all previous work, and 
recommended that the form of the growth line be em- 
ployed, together with whorl profile and external (adult) 
sculpture, in classification of the group. As pointed out 
by Merriam (1941, p.30), Cossmann was the first to 
attempt explicit definitions of what characters should 
be used to delimit supraspecific taxa in the family. Yet, 
although he suggested the use of growth line form, he 
did not use this character in his classification. Guil- 
laume (1924) criticized Cossmann on this point, noting 
that forms with similar growth lines had been placed 
by Cossmann in different taxa, whereas forms with 
very different growth lines had been placed in the same 
taxa, largely on the basis of whorl profile and overall 
shell form. Guillaume arranged European Tertiary spe- 
cies into five groups based exclusively on growth line 
form. Dollfus (1926) criticized this reliance on a single 
character. 

In the 1920’s, a number of New Zealand workers 
(Iredale, 1924, 1925; Finlay, 1926, 1930; Marwick, 
1931; Finlay and Marwick, 1937) began to emphasize 
the importance of the ontogeny of spiral sculpture, /.e., 
the order of appearance and change in relative strengths 
of the spiral ribs, particularly on the earliest whorls, 
in grouping fossil and Recent species into supraspecific 
taxa. These authors described additional supraspecific 
taxa, relying mainly on spiral ontogeny, but also with 
consideration of growth line, whorl profile and pro- 
toconch and opercular form. Taxa introduced by these 
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workers include Gazameda Iredale, 1924, Glyptozaria 
Iredale, 1924, Ctenocolpus Iredale, 1925, Maoricolpus 
Finlay, 1926, Spirocolpus Finlay, 1926, Stiracolpus 
Finlay, 1926, Zeacolpus Finlay, 1926, Pareora Mar- 
wick, 1931, Tropicolpus Marwick, 1931, Colposigma 
Finlay and Marwick, 1937, Leptocolpus Finlay and 
Marwick, 1937 and Sigmesalia Finlay and Marwick, 
1937. 

In the following decades, workers beyond New Zea- 
land also began to emphasize early sculptural (“‘api- 
cal’) ontogeny in their turritellid classifications. Ida 
(1952) and Kotaka (1959) developed notation systems 
similar to and partly derived from that devised by 
Finlay (1930), and modified by Marwick (1957b), for 
describing sculptural ontogeny precisely. Merriam 
(1941), studying fossil species from the Pacific coast 
of North America, and Palmer (1937; Harris and 
Palmer, 1947) and Bowles (1939), studying Paleogene 
species from the U.S. Gulfand Atlantic Coastal Plains, 
also emphasized the early ontogeny of spiral sculpture. 
These authors did not employ a notational system such 
as Finlay’s, using instead more ambiguous verbal de- 
scriptions based on the roots “‘costate”’ and “‘carinate’”’, 
together with prefixes (e.g., ““uni-’’, ““multi-”’), to in- 
dicate the number of spirals. Although their emphasis 
on spiral ontogeny laid valuable groundwork for later 
study, the lack of precision associated with these verbal 
descriptions probably discouraged more detailed com- 
parative work with taxa from elsewhere. 

Allison (1965, 1967), Adegoke (1967), and Allison 
and Adegoke (1969) continued the tradition of Palmer, 
Bowles and Merriam in emphasizing early ontogeny 
of spiral sculpture in their work on New World fossil 
forms, but improved dramatically upon these earlier 
efforts by applying the Finlay-type notational system 
to apical ontogenies. This not only allowed some sys- 
tematic clarification (e.g., distinguishing the genus- 
group TJorcula from similar forms; Allison and Ade- 
goke, 1969) and identification and description of un- 
described taxa (Allison, 1965; Adegoke, 1967), but 
more importantly the hypothesizing of specific evo- 
lutionary patterns of sculptural change (e.g., Allison 
and Adegoke, 1969). 


INTRODUCTION TO SYSTEMATIC 
PALEONTOLOGY 


SPECIES LEVEL 


Because turritellids are abundant and diverse in 
modern seas as well as in the fossil record, it ideally 
should be possible to make comparisons between pa- 
leontological and neontological species concepts in the 
group. To my knowledge, however, no studies have 
been done on intra- or interspecific variation in non- 
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shell characters of Recent turritellid species and, with 
the exception of Charles (1977), neither do detailed 
studies of variation in conchological characters appear 
to exist. Thus, as is the case with most gastropod groups 
(e.g., Allmon, 1990), fossil species in turritellids are 
really no more or less equivocal than are living species. 
In the species descriptions given in this paper, I have 
analyzed patterns of shell form variation quantitatively 
in several taxa that seem to be especially variable and 
for which a sufficient number of specimens was avail- 
able, and I compare these patterns to presumed pop- 
ulation samples of a living species (the type species of 
the genus 7urritella) represented in museum collec- 
tions. Although such a procedure only compares ranges 
of shell form and not actual species status, it does 
represent an explicit attempt (of the only sort possible 
given currently available data) to link fossil and Recent 
species concepts. It is worth noting here that many 
better-studied Recent non-turritellid cerithioid species 
seem to show relatively high intraspecific variability 
in shell form (e.g., Houbrick, 1974, pp.55-62), and 
indeed such high variation may be characteristic of 
most cerithioid taxa (Houbrick, pers. comm.). 
Eldredge and Gould (1972, p.92) have characterized 
the voluminous literature on the definition and rec- 
ognition of species among fossil organisms as ‘‘a the- 
oretical debate unsurpassed in the annals of paleon- 
tology for its ponderous emptiness. . .”’, because in the 
context of phyletic gradualism it amounts to little more 
than a bookkeeping problem of arbitrarily parsing up 
continuous lineages. Eldredge and Gould got around 
the issue by suggesting that lineages seldom change in 
the phyletic mode; species tend to be more or less 
discrete and the problem seldom arises. This is clearly 
the case if ancestor and descendant overlap in time 
and space, resulting in a bimodal distribution of co- 
existing morphologies. If, however, apparent ancestor 
and descendant are disjunct or contiguous in time (im- 
plying a more or less wholesale transition from one to 
the other), then cladogenesis cannot be demonstrated 
conclusively, punctuated equilibrium 1s not applicable, 
and the issue of what to call various forms is important 
and cannot be avoided, if only for the largely utilitarian 
reason of recording biostratigraphically useful infor- 
mation. When these more problematic conditions ap- 
pear to apply to the taxa discussed here, I have adopted 
the following working definition (modified from Beer- 
bower, 1968, p.80-81; Waller, 1969, p.8; Gould, 1969, 
pp.459ff Raup and Stanley, 1978, pp.108ff): fossi/ spe- 
cies are groups of morphologically distinct populations 
within which variation is of the magnitude displayed by 
closely related, or presumably analogous, living species 
and their local populations, and between which the dif- 
ferences are of the kind and degree expected to result 


from reproductive isolation of populations in such re- 
lated or analogous species. 

In a similar fashion, subspecies may usefully be rec- 
ognized among fossils to designate populations sepa- 
rated in time and/or space and differing morphologi- 
cally to a degree less than that distinguishing two spe- 
cies in the group (cf., Newell, 1947; Gould, 1969). 


SUPRASPECIFIC LEVEL 


Turritellids represent a particularly conspicuous ex- 
ample of the problems of defining genera in fossils 
(Allmon, 1992a). The issues involved have been well 
summarized by Marwick: 


There has rarely been more reluctance to grant generic rank to sub- 
divisions of a broad Lamarckian genus than there has been with 
Turritella. The main causes for the desire to retain Turritella as a 
world-wide, Cretaceous, possibly Jurassic to Recent genus are, no 
doubt, the small range in shape, the relatively simple aperture, and 
the general absence of well-developed axial sculpture. One rightly 
hesitates to grant generic significance to differences that seem trivial. 
When, however, such differences, on close study, emerge as reliable 
guides to what appear to be genetically related groups, their useful- 
ness must not be ignored. Whether the subdivisions are accepted as 
genera, subgenera or sections, or neglected altogether, will depend 
on individual tastes, backgrounds and traditions. Much more in- 
formation is needed about the animals themselves before a really 
satisfactory classification can be widely accepted. (1957b, p.7) 


Turritellids show relatively low morphological (i.e., 
conchological) disparity but high species diversity; what 
variation there is does not indicate relationship un- 
ambiguously, but rather seems to have arisen again 
and again throughout the history of the group (Mar- 
wick, 1957a; Kotaka, 1978; Allmon, 1987), as indi- 
cated by the general lack of concordance among the 
most conspicuous morphological characters. Species 
do not appear to form homogeneous subgroups sepa- 
rated by conspicuous morphological gaps. 

Following the suggestions of previous authors (Mer- 
riam, 1941; Marwick, 1957a,b), Allison (1967; Allison 
and Adegoke, 1969) has argued that supraspecific taxa 
within Turritellidae should be based on differences in 
at least two characters, for example growth line and 
apical spiral ontogeny, rather than on only one. Su- 
praspecific taxa defined by as few as two characters are 
still very similar morphologically, and correspond more 
closely to a “phylogenetic” or “‘cladistic” definition (in 
which genera can be recognized as monophyletic clades 
defined by as little as a single synapomorphy) than to 
a “‘phenetic” or “gap” definition (in which genera must 
differ by a large number of characters) (see Allmon, 
1992a). In proposing supraspecific groupings for Lower 
Tertiary Coastal Plain turritellid species, I have fol- 
lowed Allison’s suggestion and adopted a phylogenetic 
genus definition (see Allmon, 1992a for further dis- 
cussion). 
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PHYLOGENETIC ANALYSIS 
METHODS 
Introduction 


The central problem in a phylogenetic analysis of 
fossil turritellids is the small number of available shell 
characters. Because in a purely cladistic analysis, at 
least n—1 shared derived characters (synapomorphies) 
are required for n taxa, paucity of characters means 
that there will usually be too few characters to resolve 
dichotomous branching relationships fully (Eldredge 
and Cracraft, 1980, p.29). Rigorous cladistic analysis 
can be done on living and fossil gastropod shells (e.g., 
Houbrick, 1985, 1987a; Erwin, 1988; Michaux, 1989; 
Allmon, 1990). Such analysis is possible, however, only 
if characters are relatively numerous (i.e., at least ful- 
filling the above requirement) and abundant infor- 
mation is available on character states in other mem- 
bers of the group so that polarity determinations can 
be made (or confirmed) by either outgroup comparison 
or stratigraphic criteria. Neither of these conditions 
applies to the turritellid species considered here. Only 
six characters or character complexes are currently 
available for analysis (see below), and the states of 
several of these characters (especially apical ontogeny) 
are unknown for many other members of the group. 
Consequently, a purely atemporal cladistic analysis is 
not, for the present at least, the most productive meth- 
od of phylogenetic analysis for these species. 

Analysis of the species considered here has therefore 
proceeded at five levels: 1) species recognition, 2) 
grouping Coastal Plain species into morphological spe- 
cies groups, 3) hypothesizing and testing relationships 
of these species groups to each other, 4) hypothesizing 
and testing branching order among species within each 
group, and 5) hypothesizing and testing relationships 
among Coastal Plain species groups and other Recent 
and fossil turritellid supraspecific groups. 

In grouping species together, and in hypothesizing 
relationships among species groups (steps 2 and 3 
above), an explicitly cladistic approach has been taken. 
Species and species groups are linked together on the 
basis of presumed shared derived (synapomorphic) 
rather than shared primitive (symplesiomorphic) char- 
acters (i.e., overall similarity). Given that perfect con- 
cordance among characters is not obtained, the small 
number of characters currently available for analysis 
makes it impossible to seek other characters to cor- 
roborate one hypothesis of relationship over another 
(cf., Eldredge and Cracraft, 1980; Wiley, 1981; Cairns, 
1984; Sharkey, 1989). An explicit character weighting 
scheme has therefore been employed. 


Character Weighting 


Character weighting has been criticized by some au- 
thors (e.g., Eldredge and Cracraft, 1980; but see Wiley, 
1981, p.141), who emphasize that all synapomorphic 
characters are useful in phylogeny reconstruction. As 
emphasized by Wheeler (1986), however, analytical 
errors in identifying synapomorphies at their appro- 
priate hierarchical levels are not uncommon. Weight- 
ing expresses one’s degree of confidence that a partic- 
ular character is a synapomorphy at the appropriate 
level. Viewed in this context, the issue is how best to 
go about determining character weights. 

Mayr (1969, pp.220ff) has suggested several criteria 
by which “characters with high weight”’ could be iden- 
tified, including complexity, constancy, function and 
correlation. Wheeler (1986, p.107) suggests that char- 
acters “not known to occur multiple times in related 
taxa” are of highest value for cladistic reasoning. Neff 
(1986) and Wheeler (1986) both express reservations 
about basing such judgements on a priori assumptions 
about some inherent quality of characters themselves. 
Wheeler favors a posteriori weighting, ‘‘after characters 
have been critically reexamined and parsimony has 
failed to yield an unambiguous solution to conflicting 
characters” (1986, p.107). Neffsuggests that a “‘rational 
basis” for a priori weighting is provided by asking “how 
much do we think we know” about a particular char- 
acter. All of these criteria are reducible to expressions 
of confidence in synapomorphy identification. Shar- 
key’s (1989) recommendation for weighting by com- 
patibility (= concordance) of characters appears valid, 
but is of limited utility given a paucity of characters. 

Following the suggestion of Wheeler (1986, p.106), 
character weighting in this paper consists of “simply 
the statement that among the evidence in conflict some 
characters seem less likely to be misinterpreted than 
others”, rather than of any sort of numerical scoring. 
Specifically, growth line form has been given greater 
weight at the level of all Coastal Plain species, and 
apical ontogeny at the level of species groups within 
the Coastal Plain. These decisions are based partly on 
an a priori subjective judgement of complexity; growth 
line and apical ontogeny both appear to be more com- 
plex than whorl profile, size or apical angle. They are 
also, however, based on the relationship between these 
two characters and geographic distribution: all of the 
Coastal Plain species discussed here have a generally 
similar growth line trace (see discussion below), sug- 
gesting that this is a shared derived character at the 
level of all Coastal Plain Paleogene species. 

Within the species groups resulting from this anal- 
ysis, too few characters are currently available to pro- 
duce fully resolved cladograms. The characters allow- 
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ing discrimination of species consist largely of contin- 
uously varying, poorly nested differences in size, whorl 
profile and adult sculpture, which are difficult to po- 
larize. The nature and paucity of these characters re- 
sults in a large number ( > 100) of equal-length clado- 
grams being generated in strict parsimony analyses us- 
ing PAUP (Phylogenetic Analysis Using Parsimony), 
version 3.0 (Swofford, 1990). Consensus trees based 
on these cladograms (e.g., Rohlf, 1982) include poly- 
chotomies containing most of the species. Thus to re- 
construct branching order a modified stratophenetic 
approach has been used. 

The logic and methods followed in this analysis are 
consistent with those used in a previous study (Allmon, 
1990), and also with the arguments of Lazarus and 
Prothero (1984). Phylogenetic inference based solely 
or largely on the stratigraphic position of known fossils 
has a probability of being correct proportional to the 
quality of the stratigraphic record (Fortey and Jeffries, 
1982; Allmon, 1989). When the record is relatively 
incomplete, an atemporal, strictly morphological anal- 
ysis has a higher probability of yielding correct results 
than an analysis relying on stratigraphic data alone. 
The success of such a morphological analysis, however, 
will be limited ifthe organisms lack abundant, discrete, 
hierarchically nested characters not greatly prone to 
homoplasy. The degree to which cladistic and strato- 
phenetic methods are used should be dependent upon 
the nature of the stratigraphic and morphological ev- 
idence available. The stratigraphic record here is of 
moderate to high completeness, and the morphology 
of the species is poorly suited for cladistic methods; I 
have therefore used a “compromise” approach com- 
bining the two methods (see further discussion in For- 
tey and Jeffries, 1982; Allmon, 1989). 

With this in mind, the order of first appearance of 
species within species groups in the stratigraphic record 
has been taken as the primary indicator of their branch- 
ing order. This still leaves, however, a substantial num- 
ber of uncertain branch points. These uncertainties 
cannot be resolved fully at present, but qualitative 
‘“‘confidence limits’ can be placed on many of these 
points by making use of the distribution of fossiliferous 
beds within the Coastal Plain section. 

Observed stratigraphic ranges almost always under- 
estimate true durations of taxa (Marshall, 1990). It is 
reasonable to assume, therefore, that observed first ap- 
pearances postdate actual evolutionary originations. 
Strauss and Sadler (1989) and Marshall (1990) have 
presented methods for calculating confidence intervals 
for first and last appearances, but these techniques are 
applicable on/y if fossiliferous horizons are randomly 
distributed. This is not the case in the Coastal Plain 


Paleogene (Toulmin, 1977; Allmon, 1988b, 1989), and 
other methods must be sought. 

Most of the fossil mollusks from the Gulf Coastal 
Plain come from a small number of highly fossiliferous, 
vertically and laterally restricted, glauconitic sands and 
clayey sands, distributed irregularly both stratigraph- 
ically and geographically, and separated from each oth- 
er by thick, laterally extensive units of sparsely fossil- 
iferous sands and clays. These high-density, high-di- 
versity fossil beds represent a combination of the ef- 
fects of higher density and diversity of organisms, lower 
sedimentation rates, and a higher proportional pres- 
ervation potential of the organisms present (cf., Kid- 
well, 1986; Cummins ef a/., 1986). To the degree that 
the last factor applies, such horizons represent more 
reliable records of what species were present during 
their deposition than do less fossiliferous units. A cor- 
related effect is that substantially more paleontological 
attention has been given to these highly fossiliferous 
units and so knowledge of their faunas is probably 
more complete. 

The distribution of these fossil beds in the strati- 
graphic column can provide crude confidence levels 
for observed first appearances. Assuming that if a spe- 
cies was present, it would be more likely to be pre- 
served and found in a very fossiliferous than a less 
fossiliferous interval, degree of confidence in an ob- 
served first occurrence can be expressed as the interval 
between observed first appearance and the youngest 
highly fossiliferous bed below that appearance. The 
closer an apparent first appearance is to a highly fos- 
siliferous bed the smaller the uncertainty in time of 
actual first appearance because the fossil-rich bed is 
assumed to provide a maximum age. Results of such 
an analysis for Coastal Plain turritellid species are giv- 
en in Table 2. 

The high diversity, morphological simplicity, and 
imperfect fossil record of turritellids in the Coastal 
Plain may seem to amount to such a limitation of data 
that no firm phylogenetic and evolutionary conclusions 
can ever be drawn. My own response to this suggestion 
in the present context is admirably expressed by Whee- 
ler (1986): 


I find reaching ‘“‘no conclusion” as uninspiring as any other inves- 
tigator, but we work in a less than perfect world. Rather than simply 
finding characters and recognizing their level of significance in the 
hierarchy, we are relentlessly faced with data sets so small that per- 
turbations caused by convergent evolution mask the historical pat- 
tern we seek to discover. Such empirical constraints in the real world 
sometimes create situations wherein the researcher has to give up 
in the face of adversity or make less than idealistic methodological 
concessions. My position is that so long as the researcher—and the 
user Community—recognize the inherent weaknesses in strict appli- 
cation of parsimony to complex data sets or the use of ad hoc weight- 


16 PALAEONTOGRAPHICA AMERICANA, NUMBER 59 


Table 2.—Confidence estimates for date of first appearance of turritellid species from the Paleocene and Eocene of the Coastal Plain. 


next oldest maximum error as 
observed first high-density possible percent of 
Species location' appearance? horizon? error (my/* total duration*® 

alabamiensis CG Gr — — — 

aldrichi CGUEG Qe — — — 

alveata CG MB GS 0 0 
apita CG GS SCB/DBT ~7 2300 
arenicola GG; EG: MB GS (0) (0) 
biboraensis WG KI _ — — 

carinata CG, EG? UL SCB/DBT 0 0 
claytonensis CG CL — - - 

clevelandia WG, CG MB GS 0 0 
cortezi WG CM SCB 0) 0) 
creola WG WE BA ~8 267 
creola CG MB GS 0 0 
dumblei WG SCB WE 0 0 
dutexata WG WE BA ~8 267 
eurynome CG NF MLM 13) 22 
femina WG WE BA ~8 267 
gilberti CG BA TSBL ~1 31 
Ailli WG KI - — _ 

humerosa AT AQ BS 3.0 94 
infans WG CM SCB 0 0 
kincaidensis WG KI _ — — 

levicunea CG CLE a — - 

lisbonensis CG 1G BA ~8 133 
mortoni mediavia CG CL _ — - 

mortont mortoni AT AQ BS 3.0 94 
multilira CG NF MLM eS 50 
perdita CG MB GS 0) (0) 
pleboides WG CM SCB/DBT (0) 0 
mortoni postmortoni CG NF MLM 13} 22 
mortoni “premortont”’ AT BS - _ = 

praecincta praecincta CG NF MLM 1.3 22 
praecincta virginiensis AT AQ BS 3.0 94 
“prehumerosa” AT BS - = = 

rina CG LE BA ~8 114 
rivurbana CG, WG MB?° GS 0 0 
subrina CG |) OF BA ~8 114 
tennesseensis CG Cr a - - 


' Abbreviations: WG, western Gulf (Texas, Louisiana); CG, central Gulf (Mississippi, Alabama); EG, eastern Gulf (Georgia, western Florida); 
AT, Atlantic coast. 

? Abbreviations of lithostratigraphic units same as in Table 8. 

3 Definition and origin of “high-density” fossil beds discussed in Toulmin (1977) and Allmon (1988b, 1989); stratigraphic distribution of 
these units shown in Text-figure 15. For taxa showing their first appearance in the Lower Paleocene Kincaid and Clayton Formations, no 
underlying bed is designated, since the sedimentology and taphonomy of coastal plain shell beds has not yet been investigated. It is important 
to note that there is as yet no positive evidence to support either continuity of discontinuity of particular turritellid lineages across the 
Cretaceous-Tertiary boundary in this region. For the purposes of this analysis it is assumed that all known Lower Paleocene species arose in 
the Lower Paleocene. 

+ Taxa are assumed to have existed throughout entire duration of any lithostratigraphic unit in which they occur. Biostratigraphic dates of 
boundaries of units discussed in Toulmin (1977) and Allmon (1988b). Absolute time scale that of Berggren et al. (1985). 

’ Total observed durations of species given in Table 8. 

© Allison and Adegoke (1969) have reported a subspecies of 7. rivurbana from “Undifferentiated strata of latest middle Eocene age” in Chiapas, 
Mexico. On the U.S. Coastal Plain the earliest occurrence is in the Moodys Branch Formation. 


ing assumptions to resolve homoplasy, then perhaps these maneu- Geography as a Taxonomic Character 


vers are preferable to giving up. After all, the cladogram does rep- : cn te : : : 
resent a testable hypothesis and, if the number of available characters Use of geographic distribution in phylogenetic anal- 


increases in the future, poor assumptions about weights will be shown ysis is problematic because there is no necessary link 
for what they are. (1986, pp. 108-109) between recency of common ancestry and geographic 
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proximity. The issue often arises in biogeographic 
studies, in which the goal may be to reconstruct the 
geographic history of a group. To use geography as a 
measure of relatedness and then explain the geographic 
pattern using the resulting phylogeny is clearly tauto- 
logical. Yet if the object is not biogeographic, but phy- 
logenetic reconstruction, the reasoning need not be cir- 
cular. Geographic distribution may in certain cases be 
a useful taxonomic character, because related taxa of- 
ten (though by no means always) occur in the same 
general area, a line of reasoning dating to Wallace’s 
“law which has regulated the introduction of new spe- 
cies” (1855). As Mayr (1969, p.141) puts it, “there is 
a high probability that related species in an area are 
descendants of a common ancestor and that in the 
majority of cases no other species of this group occur 
disjunctly at a far distant place’. (Nelson and Platnick 
(1981, p.384) reach exactly the opposite conclusion, 
stating that “Vicarious distributions are less common 
among distantly related taxa, such as genera within a 
family ... Distantly related taxa tend to be sympatric 
....) Mayr suggests that ““Geographical characters are 
among the most useful tools for clarifying a confused 
taxonomic picture and for testing taxonomic hypoth- 
eses”’ (1969, p.140; see also Simpson, 1961, p.74). Es- 
sentially the same reasoning underlies Hennig’s (1966, 
p.172) “biogeographic method”’, which uses geograph- 
ic range changes to assist in deriving minimum ages 
of sister-group relationships. 

In Turritellidae, Marwick (1957a) makes explicit use 
of geographic distribution to corroborate relationships 
based on morphological characters and to identify ho- 
moplasy: 

An important factor responsible for much of the confusion [in tur- 
ritellid classification], has been the failure of many, but not Iredale 
[1924, 1925] or of Merriam [1941], to realize the strict geographic 


limits of most of the ‘subgeneric’ groups [in the family]. (1957a, 
p.144) 


Similarity in shape and in adult sculpture is not sufficient to tran- 
scend geographic regions. Close agreements in outer lip characters 
and in primary spiral ontogeny are essential for generic grouping, 
and even then the possibility of convergence of distant stocks with 
simple characters must be considered. (1957a, p.158) 


Similarly, Allison (1967, p.252) suggests that the 
“finite and recognizable stratigraphic and geographic 
distribution” of many turritellid genus-groups contrib- 
utes to their recognizability. (Discussing bryozoans, 
Boardman et al. (1970) have argued along the same 
lines for taxonomic evaluation (and generic recogni- 
tion) of phenetic clusters of specimens based on their 
occurrence in time and space.) 

Marwick (1957a,b) bases his use of geographic range 
on the belief that turritellids have relatively restricted 
dispersal ability. While noting that some species prob- 


ably have wide distributions, he cites Merriam (1941) 
as the authority for the claim that 


“Owing to their generally short free-swimming stage and their 
restricted bathymetric distribution . . ., the turritellas, on the whole, 
must have a comparatively limited colonizing ability. Therefore, in 
the long course of geological time, populations must have been par- 
ticularly liable to isolation through water changes in the distribution 
of land, the depth of the sea, and also the temperature of the water.” 
(1957b, p.8) 


“The restricted dispersal ability of many of the Turritellidae and 
the long period of time represented since they first appeared in the 
stratigraphic record .. . should mean that many distinct genera now 
inhabit different parts of the world.” (1957b, p.9). 

Direct information on the larval biology of Recent 
turritellids is scanty (Allmon, 1988a; Bieler and Had- 
field, 1990; Allmon et al., 1992; Lieberman et a/., 1993). 
Observations are available for only four living species 
of the traditionally recognized subfamily Turritellinae, 
of which one is a long-term brooder releasing crawl- 
away young, two have short (7-21 day) planktonic 
phases, and one has either a very short or no planktonic 
phase. It is not known whether the larvae of any of 
these species feed while in the plankton. No living 
species is known to be teleplanic (sensu Scheltema, 
1971), 7.e., to have a very long, truly planktotrophic 
larval phase. Since turritellids appear generally to con- 
form to Thorson’s “‘apex theory” (Thorson, 1946, 1950; 
see also Shuto, 1974b; Jablonski and Lutz, 1983), their 
mode of larval development can be inferred from form 
and size of the protoconchs of fossil as well as living 
species (see Allmon, 1988a), and so the potential exists 
to test the basis of Marwick’s generalization through 
time. Available data on protoconch size and form of 
fossil and living turritellid species are summarized in 
Table 3. 

Based on these data, it would seem that turritellids 
have shown a variety of larval ecologies throughout 
their history. All Cretaceous species for which data are 
available (all of which occur in the Gulf Coastal Plain), 
as well as several species from the Neogene of the 
Atlantic Coastal Plain, had small, multispiral proto- 
conchs, indicative of an extended planktonic (even if 
not teleplanic) phase implying high dispersal potential. 
Patterns are less clear for species from the Coastal Plain 
Paleogene. All species for which data are available have 
protoconchs with relatively small Pl (protoconch I), 
indicative of a small, yolk-poor egg and so probably 
planktotrophic development, but also with relatively 
few whorls, indicative of a relatively short stay in the 
plankton (Fretter and Graham, 1962, p.472; Sohl, 1977, 
pp.520-521; see Jablonski and Lutz, 1983 for further 
discussion). Observed geographic ranges of these spe- 
cies vary from very large to very small (Table 8, p. ). 
A variety of protoconch sizes and forms is shown by 
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Table 3.—Protoconch size and inferred mode of larval development for fossil turritelline species from the U.S. Gulf and Atlantic Coastal 
Plains and the four living species for which these data are available. Modes of Larval Ecology: N = nonplanktotrophic, planktic or nonplanktic; 
SP = short term planktic, probably nonplanktotrophic; P = planktotrophic; BR = brooding. References: (1) Chapter II; (2) Lebour (1933); 
Fretter and Manly (1979); (3) Jablonski (1979); (4) Spiller (1977); (5) this study. 


eee ire 
no. of whorls (um) observed 
Ey DOLOCO NC a a larval refer- 
Species age (PI + P2) Pl PI + P2 (N) ecology ence 

variegata Linnaeus, 1758 Rec. 225 214 3517, 1 SE (1) 
gonostoma Valenciennes, 1832 Rec. phe) 370 465 5 SP (1) 
communis Risso, 1826 Rec. 160 450 SP (2) 
gunni Reeve, 1849 Rec. 3.0 382 1080 1 BR (1) 
quadrilira Johnson, 1898 L.Cret. 3.0 80 IP (3) 
trilira Conrad, 1860 L Cret. 3.25 80 P (3) 
bilira Stephenson, 1941 L Cret. 3.0 80 P (3) 
howelli Harbison, 1945 L Cret. 3:5 90 1e (3) 
tippana Conrad, 1858 LiGret: 3.0 dis Pp (3) 
vertebroides Morton, 1834 L Cret. 3.25 85 Pe (3) 
aequistriata Conrad, 1863 E Mio. 344 152 (4) 
duplinensis Gardner & Aldrich, 1919 L Plio. 3-4 P (4) 
terstriata Rogers & Rogers, 1837 M Mio.-L Plio. 3-4 Pp (4) 
variabilis Conrad, 1830 E Mio.-L Plhio. 3-5 200 P (4) 
alcida Dall, 1896 M Mio. 2-3 N? (4) 
alticostata Conrad, 1834 E-L Plio. 15 110 N? (4) 
burdeni Tuomey & Holmes, 1857 E Pho. 2-3 N? (4) 
chipolana Dall, 1892 E Mio. 2-3 N? (4) 
etiwanensis Tuomey & Holmes, 1857 E-L Phio. 1-2 N? (4) 
fuerta Kellum, 1926 E Mio. 2 N? (4) 
indenta Conrad, 1841 E Mio. 1-2 N? (4) 
mixta Gardner, 1947 E Phio. 2-3 N? (4) 
pilsbryi Gardner, 1928 M Mio. 1-2 N? (4) 
secta Conrad, 1855 M Mio. 1-2 N? (4) 
subannulata Heilprin, 1887 E-L Plio. 2-3 N? (4) 
subgrundifera Dall, 1892 E-L Pho. 2 N? (4) 
alabamiensis Whitfield, 1865 E-M Paleo. 2.0 94 226 2 SP (5) 
aldrichi Bowles, 1939 E-M Paleo. 1-1.5 90 199 5 SE (5) 
alveata Conrad in Wailes, 1854 L Eoc. OF75S 194 247 1 SE (5S) 
apita de Gregorio, 1890 1) EX oy cy 2.0 N? (5) 
arenicola Conrad, 1865b L Eoc. 2.0 N? (5) 
carinata 1. Lea, 1833 M-L Eoc. 0.75 112 SP (5) 
chirena Stenzel & Turner, 1940 M Eoc. 2-2.5 2 240 1 SP (5) 
clevelandia Harris, 1896 L Eoc. 1.5 261 1 SP. (5) 
creola Palmer, 1947 L Eoc. 1.0 2 250 5 SP (5) 
danvillensis Stenzel & Turner, 1940 L Eoc. 2.0 N? (5) 
dumblei Harris, 1896 M Eoc. 75 121 230 1 SP (5) 
dutexata Harris, 1896 M Eoc. 1:5 154 286 1 SP (5) 
femina Stenzel, 1931 M Eoc. as} 126 246 1 SP (5) 
gilberti Bowles, 1939 L Pal.-E Eoc. 1.75-2.0 106 238 2 SP (5) 
humerosa Conrad, 1835b E-L Paleo. 3-4? P? (4) 
mortoni Conrad, 1830 E-L Paleo. 17) 97 280 5 SP. (5) 
perdita Conrad, 1865 LEoc; We75 97 223 3 SE (5) 
pleboides Vaughan, 1895 M Eoc. 1.5-1.75 109 248 a SE (5) 
“prehumerosa”’ Govoni, 1983 E Paleo. 2.0 88 250 1 SE (5) 
““premortoni’’ Govoni, 1983 E Paleo. 2-2.5 88 291 1 SE (5) 
rina Palmer, 1937 M Eoc. 1.75-2.0 106 242 2; SP (5) 
tennesseensis Gabb, 1860 E Paleo. DES 85 267 1 SP (5) 
fossil and living turritellids from the Australia-New and Spirocolpus), however, all have multispiral pro- 
Zealand region (Text-figure 2) (Marwick, 1957b, p.8); toconchs. 

the only fossil or Recent turritellid taxa common to If turritellid species have varied in their larval ecol- 


Australia and New Zealand (Maoricolpus, Colposigma, ogy and geographic range throughout their history then, 
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Text-figure 2.—Protoconchs of fossil and Recent turritellid species 
of the tribe Zeacolpini from New Zealand, showing range of form 
(redrawn from Marwick, 1971). 


as pointed out by Sohl (1977, p.521), “It is not sufh- 
cient ... to depend upon knowledge of the length of 
larval life of living species to estimate the dispersal 
capabilities of related fossil forms’’. Because proto- 
conch size and form seem to be adequate predictors 
of geographic range, it is in theory possible to know in 
advance to what degree the species of interest were 
geographically restricted. Many Cretaceous and some 
Neogene species were widely dispersed, and Marwick’s 
expectation of isolation and localization of related taxa 
would probably not apply. Most other species for which 
data are available (including the species under consid- 
eration in this paper), however, are consistent with the 
idea that turritellids did not have very high dispersal 
capabilities. It is therefore reasonable to assume that 
descendant taxa tended to inhabit regions close to those 
of their immediate ancestors, and that to this extent, 
geographic range can be used as an indicator of pro- 
pinquity of descent. 

Consideration of regional biogeography 1s also useful 
as an indicator of which taxa (i.e., which areas) should 
be given more attention as potential close relatives of 
the taxa of interest. In the present case we may con- 
sider, for example, the biogeographic relationships of 
three areas with important fossil turritellid faunas that 
have received some degree of study: North America, 
western Europe, and Australia-New Zealand. Although 
earlier workers (e.g., Finlay, 1926) have suggested that 
the marine invertebrate faunas of New Zealand reflect- 
ed almost complete isolation since the Cretaceous, 
Fleming (1962, 1967, 1979) has showed that consid- 
erable faunal interchange occurred periodically 
throughout the Cenozoic. If these episodes could have 
involved turritellids then one might question the 
monophyly of most New Zealand turritellid supra- 
specific taxa. For several reasons, however, this does 
not appear to be the case. First, the majority of benthic 
marine invertebrate immigration into New Zealand 
during the Cenozoic was from the tropical Indo-Pacific 
realm. Although turritellids do occur in the latter re- 
gion today and as fossils (e.g., Shuto, 1974a), as a group 
they are not thermophilic (Allmon, 1988a), and prob- 
ably never comprised an important component of the 
warm-water fauna of the region (although further data 
are required to test this hypothesis). Secondly, docu- 
mented cases of immigration into the region from out- 
side the southwestern Pacific (e.g., pectinid bivalves 


from the Mediterranean region during the Late Ter- 
tiary, discussed by Fleming (1957) involve taxa with 
easily dispersed planktonic larvae. 

On this basis it would seem that Europe or Africa 
or other areas of the New World would be more likely 
areas to investigate for relatives of North American 
and Caribbean turritellids than New Zealand-Austra- 
lia. These possibilities are considered in a later section. 


Morphometric Analysis 


Species- and subspecies-level nomenclature have 
been highly unstable in a number of cases among 
Coastal Plain Paleocene and Eocene turritellids. Such 
instances suggest that patterns of morphological vari- 
ation are complex, and that careful morphometric 
analysis might be useful for sorting them out. Large 
samples of specimens were therefore measured for four 
of these problematic taxa, using a video image analysis 
system. Measurements made on each taxon are illus- 
trated in Text-figure 3. 

In most gastropods it is fairly easy to identify ho- 
mologous points for aligning whorls prior to morpho- 
metric analysis. The end of the protoconch or a varix 
produced in the adult shell can be used as a landmark 
from which whorls can be counted. In high-spired shells 
with indeterminate growth, such as turritellids, how- 
ever, whorls differ only in size and shape, and lack 
such discrete ontogenetic landmarks. Incomplete spec- 
imens, which are particularly common as fossils, are 
therefore difficult or impossible to align, homologize, 
and analyze morphometrically. This situation is un- 
doubtedly chiefly responsible for the complete lack of 
any previous multivariate morphometric study of tur- 
ritellids, fossil or Recent, for systematic purposes, de- 
spite the relatively high level of interest in the bio- 
stratigraphy and evolution of the group. Fossil turri- 
tellid shells are often abundant, but truly complete 
adult (7.e., maximum size) specimens, with both pro- 
toconch and unbroken apertural lip, are extremely rare. 
When juvenile whorls are missing it is therefore dif- 
ficult or impossible to identify similar whorl number 
and so to specify homologous points on shells among 
specimens ofa given species. Construction of data ma- 
trices for morphometric analysis of a large number of 
turritellid specimens has thus heretofore been impos- 
sible. 

For these reasons, in this study I have utilized a new 
computer program, ““HISPIRE” (Morris and Allmon, 
1994), to align specimens of single morphospecies pri- 
or to morphometric analysis. HISPIRE homologizes 
incomplete specimens of high-spired gastropod shells 
by matching whorls of similar size. It thus aligns spec- 
imens in a new data matrix, filling the remainder (miss- 
ing whorls) with zeroes (= missing values for each mea- 
surement). The assumptions underlying HISPIRE are 
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Text-figure 3.—Measurements made on five turritellid species. 
Each diagram is a single whorl seen from the side. Numbered dots 
represent points captured as X-Y coordinates by a digitizer, from 
which linear measurements were calculated. Measurements are de- 
fined here as pairs of these points. Subscript p refers to point on 
succeeding whorl. A. Turritella terebra (Linnaeus): whorl height (WH) 
= I-1,; suture width (SW) = 2-5; whorl width (WW) = 3-6; B. 
Turritella terebra (Linnaeus): inflation (IN), as indicated; C. Pal- 
merella mortoni (Conrad): whorl height (WH) = 1-1,; carina height 
1 (CH1) = 5-1,; carina height 2 (CH2) = WH-CH1; suture width 
(SW) = 2-6; middle width (MW) = 3-7; carina width (CW) = 1-8; 
D. Palmerella mortoni (Conrad); carina depth (CD), carina angle 
(CAN), as indicated; E. Haustator carinata (1.Lea): whorl height 
(WH) = I-1,; carina height 1 (CH1) = 7-1; carina height 2 (CH2) 
= WH-CH1]; suture width (SW)= 2-9; width 1 (W1) = 3-10; width 


discussed in greater detail in Morris and Allmon (1994). 
The details of the analyses performed here are given 
in Appendix |. Multivariate analysis (factor analysis) 
was carried out on one Recent and four fossil taxa using 
BMDP (1992, Program 4M). 


CHARACTERS 


Some indication of the utility and reliability of shell 
characters in phylogenetic analysis of turritellids may 
be obtained from the many studies that have been 
carried out on other cerithioid families, principally by 
R.S.Houbrick. In general, Houbrick (e.g., 1988) con- 
tends that, at familial and higher levels, shell characters 
are usually unreliable indicators of phylogenetic rela- 
tionships, in any case much poorer than anatomical 
(“soft part’) characters. In the phylogenies he proposes 
for various cerithioid taxa at lower levels, however, 
shell characters often appear reasonably consistent with 
non-shell characters, differing chiefly in being fewer in 
number and so more limited in their resolving power. 

For example, although he states (1984b, p.18) that 
‘“‘Polarities of shell characters . . . are either difficult to 
determine or suspect because of possible parallelisms 
or reversals,” Houbrick bases recognition of three sub- 
genera of Cerithidea Swainson, 1840 (Potamididae) 
principally on shell characters (e.g., sculpture, form of 
aperture and apertural lip). Similarly, the species “Cer- 
ithiopsis crystallina Dall” is placed in the genus Var- 
icopeza Grundel, 1982 (Cerithiidae) largely on the ba- 
sis of shell characters (Houbrick, 1987b). Species of 
the genus C/ypeomorus Jousseaume, 1888 (Cerithi- 
idae), are stated to “differ from other cerithiids by their 
low-spired, frequently beaded shells” (Houbrick, 1985, 
p.1); shell characters corroborate a hypothesis of 
monophyly for the genus based on arrangement of the 
pallial oviducts and habitat requirements (pp. 7-8), 
and are consistent with its division into three species- 
groups (pp. 11-14). 

Although it is possible that in the future other useful 
shell characters (e.g., ultrastructure, developmental data 
on shell geometry) will become available, at present 
only six conchological characters or character com- 
plexes are of any real utility in phylogenetic analyses 
of turritellids: 1) protoconch size and form, 2) growth 


— 


2 (W2) = 4-11; width 3 (W3) = 5-12; carina width (CW); 6-13; F. 
Haustator carinata (1.Lea): carina depth (CD), as indicated G. **Tur- 
ritella” praecincta Conrad: whorl height (WH) = 1-1,; suture width 
(SW) = 2-7; carina width (CW) 3-8; width | (W1) = 4—9; width 2 
(W2) = 5-10; width 3 (W3) = 6-11; H. “Turritella” praecincta 
Conrad: carina depth (CD), as indicated; carina ratio (CR) = CW/ 
W 13; IL. Haustator perdita (Conrad): whorl height (WH) = 1-1,; suture 
width (SW) = 2-7; width | (W1) = 3-8; width 2 (W2) = 4-9; width 
3 (W3) = 5-10; carina height | (CH1) = 6-1. 


PALEOCENE AND EOCENE TURRITELLID GASTROPODS: ALLMON 21 


line form, 3) ontogeny of spiral sculpture, 4) character 
of adult sculpture, 5) adult whorl profile, and 6) size. 
The nature of variability, apparent taxonomic value, 
and means of description and polarity determination 
for each of these characters are considered below. 


Protoconch 


Merriam (1941, p.9) states that the turritellid pro- 
toconch “‘is essentially the same in all species exam- 
ined, and is similar to that of other genera—for ex- 
ample some of the Cerithiidae,” and concludes that 
“The structure is too simple and generalized to be of 
value for purposes of taxonomy.”’ Allison (1967) sim- 
ilarly has placed little taxonomic value on protoconch 
form, stating that “much additional study will be re- 
quired before the [taxonomic] value of this structure 
is understood.” These statements now appear to be 
oversimplifications. Although turritellid protoconchs 
share many features, they also show substantial vari- 
ability which, in at least some cases, seems to have 
taxonomic significance. 

All known turritellid protoconchs consist of between 
one and four or rarely five smooth, unsculptured whorls 
(Text-figure 2, Table 3). The protoconch I—proto- 
conch II (P1-P2) transition (if present) is not conspic- 
uous and the boundary with the teleoconch is marked 
only by the development of spiral sculpture, which may 
be quite faint initially. Associated with differences in 
whorl number and diameter are often differences in 
overall form, which may vary from having a first whorl 
well immersed within the others to an erect, high-spired 
cone (see Text-figure 2). 

Variation in protoconch form within supraspecific 
groups of turritellids occurs but seems to be limited in 
extent. Garrard (1972, p.268) has noted that the pro- 
toconch “‘may vary to a small extent within a genus.” 
Marwick (1971, p.8) has observed that in New Zea- 
land, “Oligocene and Miocene generic groups and stocks 
show considerably more protoconch differences within 
the group than do Pliocene to Recent ones.” Although 
Garrard states that protoconch form “remains fairly 
constant within species,’”’ variation within species has 
been reported. In the Recent Australian species Ga- 
zameda declivis (Adams and Reeve, 1848), the first 
protoconch whorl varies from depressed to erect (Gar- 
rard, 1972, p.311). One species from the Oligocene 
(Tropicolpus (Amplicolpus) gittosinus (Powell and Bar- 
trum, 1929)) and two species from the Miocene (Zea- 
colpus fyfei Marwick, 1931 and Z. woodhouseae Mar- 
wick, 1971) of New Zealand each show two protoconch 
forms, one large, bulbous and paucispiral, the other 
erect and multispiral (Marwick, 1971). 

All protoconchs of Paleogene Coastal Plain species 
observed in the present study are similar in form (small 


P1, paucispiral). (Spiller [1977] has reported that Tur- 
ritella humerosa Conrad has a multispiral protoconch, 
but I have not been able to confirm this.) Available 
sample sizes of well-preserved protoconchs of Coastal 
Plain species vary (Table 3). Protoconchs are unknown 
for a number of species, and I have been able to find 
only single specimens for a number of others. These 
sampling problems aside, no appreciable intraspecific 
variation in protoconch form or size has been ob- 
served. 

Planktotrophy is probably primitive in mesogastro- 
pods (Shuto, 1974b; Jablonski and Lutz, 1983, p.41), 
although some planktotrophic species may be second- 
arily derived from nonplanktotrophic forms that re- 
tained larval feeding structures (Scheltema, 1978). The 
presence of only planktotrophic turritellids in the Late 
Cretaceous of the Coastal Plain (Jablonski, 1979; Table 
3) and the lack of long-term planktotrophic species in 
the family today are generally consistent with the 
planktotrophic habit being primitive in Turritellidae, 
although the variation in the Lower Tertiary and 
throughout the Cenozoic suggest that the pattern may 
not be a simple one (see Lieberman et a/., 1993, for 
further discussion). 


Ontogeny of Spiral Sculpture 


Even casual examination of a turritellid shell reveals 
that the form of external sculpture is not constant 
throughout ontogeny. As noted by Palmer (1937, 
p.279), this variation commonly makes it difficult to 
identify whorls from different ontogenetic stages as be- 
longing to the same species. Ontogenetic changes are 
particularly conspicuous on the earliest teleoconch 
whorls, when spiral sculpture is just beginning (Text- 
figures 4,5). The adequate description and taxonomic 
usage of this variation, however, have proven difficult. 
Finlay (1927, 1930) was the first to call attention to 
the importance of the ontogeny of early spiral sculpture 
(= apical ontogeny), and he has devised a notation 
system to describe it. Before discussing this system and 
its modifications, however, it is necessary to consider 
the alternative verbal system used by several American 
workers, two of whom studied species discussed in this 
paper. 

Palmer (1937) uses the terms “unicarinate,” “‘bicar- 
inate” and “‘tricarinate”’ to describe the number of spi- 
ral ribs observed both on the earliest teleoconch whorls 
(= her “‘nepionic whorls’’) and on later juvenile whorls. 
Thus a species could be “‘bicarinate-tricarinate,”’ 
meaning that whorls with two spirals were followed by 
whorls with three. Merriam (1941) and Bowles (1939) 
uses the terms “unicostate” for species with a single 
spiral rib on the earliest teleoconch whorl, “cingulate” 
for those with two ribs appearing roughly simulta- 
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Text-figure 4.—Apex of a turritellid shell, showing methods used for counting and measuring protoconch whorls. A. Because turritellids 
generally lack any conspicuous boundary marking the transition between Protoconch I (P1) and Protoconch II (P2), the diameter of P1 is 
somewhat arbitrarily measured along a line perpendicular to the suture at its origin (point X). Whorls in the protoconch (P1 + P2) are counted 
following the technique described by Marwick (1957b; taken from B. Smith, 1945): beginning at the origin of the suture line (X), one-half 
whorl is counted when the point Y is reached, and one full whorl at the point labeled W. B. The end of the protoconch (= beginning of 
teleoconch) is defined by the initiation of spiral sculpture (usually visible only with SEM). The protoconch illustrated consists of approximately 


1.25 whorls. 


neously, ““bicostate” for those with two ribs more closely 
spaced, “‘tricostate”’ for those with three, and ‘“‘multi- 
costate”’ for those with “three to six subequal revolving 
lirae originating almost simultaneously on the early 
apical whorls” (Bowles, 1939, p.270). Merriam intro- 
duces the terms “primary,” “secondary” and “‘terti- 
ary”’ to refer to the relative strengths of the spirals. 

Palmer (in Harris and Palmer, 1947) has pointed out 
that her terms had priority, but as discussed in detail 
by Allison (1965, 1967), “‘carinate”’ and ‘“‘costate” are 
used in different ways by these authors. Palmer con- 
siders only the strongest rib present in making her 
designations whereas Bowles and Merriam considers 
all ribs present. Thus a shell with three ribs appearing 
on the first teleoconch whorl simultaneously, but with 
one stronger than the other two, would be “unicari- 
nate” in Palmer’s system and “‘tricostate”’ in Merriam’s 
and Bowles’ (Allison, 1965, pp.670-671). For this rea- 
son these verbal descriptions are of little or no use in 
describing turritellid sculptural ontogeny (Allison, 
1965), and they should be abandoned. 

Finlay’s (1930) system of notation is based on the 
observation that the vertical position of the first-ap- 
pearing, or “original keels,’ on the whorls appears to 
be constant with respect to the sutures. That is, the rib 
appearing in the center of the whorl of one individual 


of a species is presumed to be homologous to the center 
rib in another individual of the same species and, by 
implication, to individuals in other species. Finlay la- 
bels the four original spirals A, B, C, and D from pos- 
terior (adapical or abapertural end, “‘top’’) to anterior 
(abapical or adapertural end, ““bottom’’) of the whorl. 

Ida (1952) adopts Merriam’s terms primary, sec- 
ondary and tertiary, but instead of using them to refer 
to relative strength, he used them to refer solely to 
order of appearance. Spiral ribs appearing first he called 
primary, those appearing after the primaries he called 
secondary, and those appearing after secondaries he 
called tertiary. Ida then develops a complex notation 
system capable of describing accurately every spiral 
thread on the turritellid shell. As Marwick (1957a, 
p.148) notes, this system is well-suited for detailed 
specific description, but inconvenient for brief generic 
differentiation. 

Largely independently of Ida’s work, Marwick 
(1957b) has proposed a modification of Finlay’s no- 
tation system. Instead of four primaries between upper 
and lower sutures, Marwick recognizes three: B at about 
midwhorl, A the first to appear above, C the first to 
appear below. The D spiral marked the base of the 
whorl, just above the suture. Marwick further suggests 
that ‘“‘secondaries” (/.e., in order of appearance, not 
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Text-figure 5.—Scanning electron micrographs of well preserved apices of two turritellid species, showing the two apical sculptural types 
most common among species from the Paleocene and Eocene of the U.S. Gulf and Atlantic Coastal Plains. a. Turritella mortoni Conrad from 
the Paleocene Aquia Formation of Virginia (160 x). b. Sketch made from photomicrograph (a) indicating primary spiral ribs. Notation follows 
that described in Text-figure 6 and text. The B and C ribs appear approximately simultaneously, followed by the A rib, and so the apical 
sculpture formula for this species is C, B, A>. c. Turritella carinata |.Lea from the Eocene Gosport Sand of Alabama (160). d. Sketch of (c) 
indicating primary spiral ribs. The C rib appears first, followed by the B rib, followed by the A rib, giving an apical sculpture formula of C, 


B, As. 


strength) be labeled with lower-case letters: r,s,t, and 
u, posterior to anterior. ‘‘Tertiaries” are “denoted by 
numbers according to which secondary they flank, as 
rl, r2,s1,s2, and so on; but generally they do not need 
individual designation” (Marwick, 1957b, p.13). As 
indicated in Figure 4, Finlay’s A is equivalent to Mar- 


wick’s r, B to A, C to B, and D to C; Marwick’s D has 
no equivalent in Finlay’s system. 

Kotaka (1959) modifies Marwick’s notation by rep- 
resenting primaries with lower case letters (a, b, c, d) 
if they were not strongly developed and secondaries 
by upper case letters (R, S, T, U) if they were more 
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Text-figure 6.— Notation systems used for describing spiral ribbing 
of turritellids. On the left is the system used here, essentially equiv- 
alent to that of Marwick, Kotaka and Allison, as described in text. 
A, B, and C are primary spirals, r, s, t and u secondary spirals. the 
d spiral is usually simply the angulation associated with the basal 
(adapertural) suture, but may be more pronounced. On the right is 
the system proposed by Finlay (1930); his A is Marwick’s r, his B 
Marwick’s A, his C Marwick’s B, and his D Marwick’s C. See text 
for further discussion. 


strongly developed than the primaries. More impor- 
tantly, Kotaka adds numerical subscripts to all rib no- 
tations to indicate the order of appearance of each 
individual rib. (Marwick [1957a] previously indicated 
order of appearance by the order in which he listed the 
primaries; e.g, BC A or C BA.) These notations can 
then be combined into a single formula (referred to 
hereafter as an “‘apical sculpture formula’’), written 
from the anterior to the posterior of the whorl (e.g., 
C, t, B, s; a4), to represent the entire spiral ontogeny. 
(A minor problem with Kotaka’s discussion, as Allison 
(1967) points out, is that he appears to have reversed 
the terms ‘‘adapical”’ and ‘“‘abapical”’ in describing the 
position of A, B, C and D, etc. As Allison suggests, 
this simple error can be disregarded and the position 
of the lettered ribs considered following Marwick 
(1957b).) 


Allison (1965) modifies Kotaka’s system by rec- 
ommending 1) that D be included in the sculptural 
formula when present, but that it be given no numerical 
subscript due to the difficulty in determining its point 
of origin, and 2) that D be capitalized when it forms 
a prominent carina on the side of the body whorl but 
designated in lower case when it consists only of the 
angulation at the whorl base. Allison also departs from 
previous practice by writing apical sculpture formulas 
in alphabetical order from the top down. I have not 
adopted this last change in convention here and list 
the ribs from the bottom up (Text-figure 6). 

Finally, Adegoke (1967) and Allison and Adegoke 
(1969) uses series of Kotaka-type formulas to represent 
not only order of introduction but sequence of changes 
in carina strength. For example, in the “*7urritella rina 
group” the B spiral characteristically becomes obso- 
lete, and this can be represented as follows (Allison, 
1967; see Allison and Adegoke, 1969): 


a, B, C, >A, B,C, d >A, b,C,d >A, Cd 


Although these descriptive systems allow the relative 
order of appearance of all spiral sculptural elements 
on an individual shell (or of a single species) to be 
described, they cannot present symbolically the timing 
of all changes in sculpture during ontogeny. The closest 
approach to such is Ida’s (1952) system, which can 
describe every individual whorl, but which is also rath- 
er unwieldy (see, for example, Titova, 1994a). 

For the present work, I have tried to extract from 
this notational and nomenclatural history a series of 
designations that communicate the greatest amount of 
information in the least complex way. For individual 
species, I use apical sculpture formulas listing as pri- 
maries the three first-appearing spirals from the bot- 
tom, or adapertural end, of the whorl below the C spiral 
(e.g., C,B,A). The D spiral is at the base of the whorl. 
Secondaries appear after and are intercalated among 
the primaries. Well-developed spirals are given in up- 
per case, weakly developed spirals in lower case (see 
Text-figure 6). 

Rather than listing sculptural formulas for individ- 
ual whorls, I summarize the sculptural ontogenies of 
turritellid species graphically. I have modified the type 
of diagram used first in a very simple form by Kotaka 
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Text-figure 7.—Schematic diagrams illustrating ontogenetic development of spiral sculpture in turritellid species from the Paleocene and 
Eocene of the Coastal Plains. These are herein called “Marwick Diagrams” in recognition of the use of a similar technique for illustrating 
turritellid ontogeny by Marwick (1971). Numbers across the top represent whorl number, the protoconch and youngest whorls being on the 
right. Succeeding whorls are standardized to the same height. Horizontal lines represent the spiral ribs as they appear and change in strength 
throughout ontogeny. Curved vertical lines at intervals represent whorl profiles. Diagrams do not represent single individuals, but were 
constructed by counting whorl number from protoconch-teleoconch boundaries, recognized in scanning electron micrographs, then constructing 
“composite individuals” by assuming that whorls of similar size were the same number, and examining incomplete specimens of increasing 


size. 
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Text-figure 7.—Continued. 


(1959, p.48) and developed further by Marwick (1971, 
p.63) for this purpose (herein referred to as a ‘Marwick 
diagram’’) (Text-figure 7). At supraspecific levels, how- 
ever, such graphical methods are not practical (because 
interspecific differences within species groups are too 
great), and the recommendations of Allison and Ad- 
egoke (Allison, 1967; Adegoke, 1967; Allison and Ad- 
egoke, 1969) are more appropriate: supraspecific apical 
sculpture formulae need only summarize the order of 
appearance and relative strength of the primary (.e., 


first-appearing) spirals. For example, the generic for- 
mula for Haustator Montfort, 1810 is C, B, a, (Mar- 
wick, 1957a, p.154). 

The phylogenetic importance granted here to early 
apical spiral sculpture is based chiefly on its relative 
complexity, which I believe increases chances of cor- 
rect identification of homology, but also on corrobo- 
ration by geographic and stratigraphic criteria. The work 
of Palmer, Merriam, Bowles, Marwick, Kotaka and 
Allison has demonstrated that coherent lineages can 
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Text-figure 7.— Continued. 


be traced mainly on the basis of apical ontogeny within 
a given geographic and stratigraphic context. The re- 
sults presented below, furthermore, suggest substantial 
concordance, at least within the Coastal Plain Paleo- 
cene and Eocene, among apical ontogeny, growth line 
form and whorl profile. (As already mentioned, Mac- 
Neil (in MacNeil and Dockery, 1984) maintains that 
convergence is equally likely in early spiral ontogeny 
as in any other character, and implies that sculpture 
and whorl profile of later whorls may be of more im- 
portance. Yet he presents no specific evidence for this 
conclusion.) 

It is important to note that all previous systematic 
study of turritellid apices has been done solely by means 
of light microscopy. Although careful examination of 
a large number of well preserved apices of some species 
by this method can reveal their earliest apical ontog- 
eny, extensive examination of Coastal Plain species 
with scanning electron microscopy (SEM) in the pres- 
ent study has shown that this is not consistently the 
case. Spiral ribs may be quite faint at their inception 
and difficult to discern, even with SEM. As a result, 
species that appear to have an apical spiral formula of, 
for example, C, B, A; under the light microscope may 
be seen to have C, B, A, under SEM (e.g.,“° Turritella 
mortoni Conrad”’; see Text-figure 5). 

As noted by Merriam (1941, p.35), published figures 
and descriptions, particularly prior to the last 30 years, 
are usually inadequate for determination of apical on- 
togeny of a species with this precision. Furthermore, 
apical ontogenies reported by more recent workers (e.g., 
Marwick, 1957a,b, 1971; Allison, 1965; Allison and 
Adegoke, 1969) based on examination with the light 
microscope also may prove to be incorrect. This is one 
of the principal factors limiting both the systematic 


results of the present study and the development of 
what Merriam has called a “universal classification of 
Turritellidae”’. Well preserved apices are rare, especial- 
ly in museum material, and they usually must be ex- 
amined with SEM to determine their apical ontogeny 
accurately. 

Because spiral sculptural patterns in turritellids ap- 
pear to be prone to heterochronic change in a variety 
of modes (Allmon, 1994), polarity of apical ontogenies 
is best determined by outgroup comparison, rather than 
ontogenetic criteria. As discussed below, choice of an 
outgroup for lower Tertiary Coastal Plain species is 
difficult. Reference to all recognized turritellid supra- 
specific taxa, however, may make choosing a specific 
outgroup unnecessary, at least for this character. Ex- 
amination of apical ontogenies of other turritellids in 
Table | shows that only two groups outside the U.S. 
Coastal Plain (Tropicolpus Marwick, 1931 from the 
Oligocene of New Zealand and Hataiella Kotaka, 1959 
from the Miocene of Japan) have an apical sculpture 
formula of C, B, Aj. Thus, unless one of these two is 
the sister taxon to Coastal Plain species, which seems 
unlikely on geographical grounds, this apical formula 
cannot be primitive. 

Only two other apical formulae are known to be 
represented on the Coastal Plain: C, B, A; by Turritella 
turneri Plummer, 1933 and T. dobyensis Dockery, 1980, 
and C, B, A, by all other species. Assuming the latter 
to be primitive in this case is not based so much on 
the ““commonality principle,’ which is of dubious va- 
lidity (Watrous and Wheeler, 1981), but on stratigraph- 
ic criteria; C, B, A; species are known only from the 
Middle Eocene on the Coastal Plain, whereas C, B, A; 
species are known from throughout the Paleocene and 
Eocene: 
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Text-figure 8.—Morphological features of adult turritellid shells 
used in classification and species descriptions. Circle to the right 
represents the base of the last whorl, looking toward the apex of the 
shell parallel to the axis of coiling. 


More direct application of stratophenetic criteria, by 
recourse to the apical ontogenies of Cretaceous species, 
is not possible at present, as SEM studies of most Gulf 
Coastal Plain species are not yet available. Sohl (1960, 
p.71) has divided Upper Cretaceous species he de- 
scribes from the Gulf Coast into “‘bicostate,” “‘trico- 
state,” “‘multilirate’” and “‘placement uncertain.” As 
discussed above, however, these verbal descriptions 
are of little use in comparisons with the data required 
here. It still remains to connect Cretaceous species to 
Paleogene species on the Coastal Plain. 


Growth Lines 


Although the apertures of most turritellid shells, even 
while the animal is alive, are broken, the form of the 
original aperture is reflected by the incremental col- 
labral growth lines that are often visible on the external 
surface of the shell. The growth line has two aspects, 
which can be termed lateral and basal (Text-figure 8). 
The lateral is visible on the side of any whorl, because 
the growth lines run between the bounding sutures. 
The basal is only visible on the bottom of the last whorl 
of the shell, where the growth lines run from the whorl 
periphery to the columella at the center. Guillaume’s 
(1924) landmark paper on turritellid classification, in 
which he emphasizes the importance of examining 
growth lines, discusses only the lateral aspect (Text- 
figure 9), a point for which he is criticized by Dollfus 
(1926). 

The turritellid growth line is a sinuous line bent into 
a third dimension. As such it has several aspects and 


Text-figure 9.—Guillaume’s classification of turritellid growth line types, and their stratigraphic distribution in the Cretaceous and Cenozoic 
of Europe and North America. Only the lateral aspect of the growth line was considered by Guillaume, shown here schematically with inflection 
points beneath its stratigraphic distribution. (From Merriam, 1941, modified from Guillaume, 1924.) 
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Text-figure 10.—Classification of growth line traces used in this paper (see Tables 1,9). 


can be described in several ways. The most important 
of these are as follows (see Text-figures 9-11): 

1) Lateral and basal sinuses (cf, Marwick, 1957a). 
These are curves in the growth line visible on the lateral 
and basal aspects of the shell, respectively. The lateral 
is always concave in the “‘spiral’’ direction (Merriam, 
1941); that is, toward the aperture, if only so slighly 
that it appears virtually straight. The basal sinus may 
be absent, and the growth line straight across the whorl 
base, but if present it is concave in the spiral or, more 
rarely, the “‘antispiral” direction (away from the ap- 
erture). 2) A third sinus, concave in the antispiral di- 
rection, may be present on the angulation at the an- 


— 


Text-figure 11.— Variation in basal and lateral aspects of growth 
line trace within the family Turritellidae. (Modified from Marwick, 
1957a.) All except d,u, and aa based on type species. a. Turritella, 
b. Zaria, ce. Archimediella, d. Torculoidella bicarinata, e. Kurosioia, 
f. Leptocolpus, g. Ctenocolpus, h. Gazameda, i. Torculoidella, j. 
Stiracolpus, k. Peyrotia, 1. Maoricolpus, m. Zeacolpus, n. Haustator, 
0. Tropicolpus, p. Torcula, q. Bactrospira, r. Platycolpus, s. Colpos- 
pira, t. Spirocolpus, u. Neohaustator, y. Turritella hybrida [referred 
to Torquesia by Marwick], w. Colposigma, x. Colpospirella, y. Par- 
eora, z. Tachyrhynchus, aa. Protoma, bb. Protoma (Protomella) 
knysnaensis, c. Mesalia, dd. Neodiastoma, ee. Sigmesalia, ff. Glyp- 
tozaria. 
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terior end of the whorl, in which case the basal sinus 
is concave in the spiral direction and the lateral sinus 
is relatively deep; this may be called the antispiral sinus 
(cf., Merriam, 1941). 3) The growth line angle is the 
angle ‘“‘between the axial plane of the shell and a line 
connecting the anterior and posterior terminations of 
the growth line as observed on the exposed surface” 
(Merriam, 1941, p.59). When this angle is greater than 
zero, it can be called “‘prosocline’”’, when less than zero 
“‘opisthocline”’, and when equal to zero ‘“‘orthocline” 
(cf., Cox, 1960). 4) Inflection points of the growth line 
are emphasized as important taxonomic characters by 
Guillaume (1924). As pointed out by Marwick (1957a), 
however, 


Guillaume’s ‘points of inflection’ suffer from the family weakness, 
variability, and the distance of the abapical one from the suture is, 
in many shells, due as much to the height of the suture on the whorl 
as to the shape of the outer lip. . . . Nevertheless, since the strength 
and distance apart of the inflection points influence the shape of the 
sinus, they can be highly significant.** (1957a, p.147) 


5) The apex of the lateral sinus falls at varying heights 
above the anterior suture: above, below, or approxi- 
mately at the midpoint of the whorl (see Text-figure 
10). 6) Growth lines and spiral ribs. In his critique of 
Guillaume, Dollfus (1926) states that Guillaume ig- 
nores the effects of spiral ribs on the form of the lateral 
aspect of the growth lines. Guillaume (1926) responds 
that these effects were negligible, an opinion with which 
Allison (1967) and I agree. 7) Ontogeny and gerontism. 
Ontogenetic changes in growth line form can be sig- 
nificant, especially in the very largest whorls in which 
apparently gerontic effects are manifest (cf, Marwick, 
1957a; Allison, 1967; Garrard, 1972, p.268). Geron- 
tism 1s conspicuous, and important from a taxonomic 
point of view, only in the larger species; ontogenetic 
changes, however, appear to occur throughout the life- 
times of even smaller species (Allmon, 1994). 

Of the taxonomic value of the growth line trace, 
Merriam (1941) writes: 


Many species may be identified with a fair degree of certainty by 
means of this character alone. Nevertheless, it cannot well be used 
as the sole basis for the foundation of subgenera or major divisions 
of lesser value. The curvature of the growth line is, after all, relatively 
simple, and not comparable to the sutures of ammonites or even 
nautiloids. The possibility that similar traces have originated in a 
number of distantly related or distinct phyla is a strong one. (1941, 
pp.34-35) 


Despite his opinion that the growth line trace is of 
great importance in turritellid classification (see Text- 
figure 11), Marwick (1957a, p.154) also suggests that 
the simplest types (e.g., that of the genus Haustator) 
may be prone to homoplasy. 

Examination of juvenile and adult growth line traces 


for Paleocene and Eocene Coastal Plain turritellid spe- 
cies (Text-figure 12) shows some interspecific varia- 
tion, but all traces appear to be of a basically similar 
type: the majority show three points of inflection on 
the lateral aspect (adapical, medial and basal, although 
the presence of adapical and basal points is often vari- 
able within species), have an orthocline or slightly pro- 
socline lateral sinus of moderate depth, a shallow to 
moderate spiral basal sinus, and display a spectrum of 
apical positions from above to around the middle of 
the whorl; no species (with the possible exception of 
“Turritella” (herein Palmerella) mortoni ssp. (“‘pre- 
mortont”’ Govoni, 1983; Govoni and Hansen, in press) 
consistently shows a lateral sinus apex below the whorl 
middle. They would all thus seem to agree with Guil- 
laume’s (1924) hybrida group, as has been suggested 
by many previous authors (e.g., Woodring, 1928; 
Palmer, 1937; Bowles, 1939) (Text-figures 9,12). 

Marwick (1957a, p.147) suggests that ““Guillaume’s 
figures do not do justice to the difference between the 
sinuses of the 7. hybrida group and the T. imbricataria 
group,” and observes that Guillaume’s figures (1924, 
p.286, figs. 7,8, and 9) ‘have the apex of the hybrida 
sinus too nearly medial. They should be distinctly 
adapical as plainly shown by the photographs of his 
plate 10” (Marwick, 1957a, p.47) (see Text-figure 9). 
Even while emphasizing the differences between the 
hybrida and imbricataria lateral sinuses, however, 
Marwick (1957a) also seems to deemphasize them when 
he places in the genus Torquesia, erected by Douvillé 
(1929) for species in the genus Haustator Montfort, 
1810 (= Guillaume’s 7. imbricataria group), many 
Cretaceous species of Guillaume’s hybrida group 
(1957a, p.160). Indeed Guillaume himself (1924, 1926) 
states that the differences between his Aybrida and im- 
bricataria groups are not profound. Although Guil- 
laume’s (1924) plates do show the subtle difference in 
height of the apex of the lateral sinus mentioned by 
Marwick, my own examination of specimens of these 
species (Turritella hybrida and T. imbricataria) suggest 
that this difference is variable (Text-figure |2-I],mm). 

In summary, it is not clear that the hybrida and 
imbricataria lateral growth line groups of Guillaume 
are distinct. All lower Tertiary Coastal Plain species 
show a similar lateral growth line aspect which they 
may share with many Eurasian species from both the 
Cretaceous (genus Torquesia Douvillé, 1929) and low- 
er Tertiary (genus Haustator Montfort, 1810, and one 
or more probably unnamed groups; see discussion be- 
low). The growth line form of these Coastal Plain spe- 
cies would therefore appear to be a shared primitive 
character, not useful in sorting out their relationships 
with each other or with their closest relatives in Eur- 
asia. 
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Growth line traces of turritelline species from the Paleocene and Eocene of the Gulf and Atlantic Coastal Plains. a. 7. 


mortoni Conrad, b. T. hilli Gardner, c. T. “premortoni” Govoni, d. T. levicunea Harris, e. T. kincaidensis Plummer, f. 7. dumblei Harris, g. 


T. femina Stenzel, h. T. dutexata Harris, i. T. chirena Stenzel and Turner, j. 7. apita de Gregorio, k. T. lisbonensis Bowles, 1, m. T. pleboides 
(Vaughan), n. 7. creola Palmer, 0. T. alveata Conrad, p. T. clevelandia Harris, q, r. T. arenicola (Conrad), s. T. danvillensis Stenzel and Turner, 
t. T. tennesseensis Gabb, u. T. alabamiensis Whitfield, vy. T. gilberti Bowles, w. T. rina Palmer, x. T. subrina Palmer, y. T. carinata I.Lea, z, 
aa, bb. 7. perdita Conrad, ce. T. infans Stenzel and Turner, dd. T. rivurbana Cooke, ee. T. “prehumerosa’’ Govoni, ff. T. aldrichi Bowles, gg, 
hh. 7. humerosa Conrad, ii. T. multilira Whitfield, jj. 7. eurynome Aldrich, kk. T. praecincta Conrad. Non-coastal plain species presented 
for comparison: Il. 7. hybrida Deshayes, Eocene, Europe, mm. 7. imbricataria Lamarck, Eocene, Europe, nn. T. terebra (Linnaeus), Recent, 


Pacific, 00. 7. robusta Gryzbowski, Miocene, South America. 


Whorl Profile 


Whorl profile here refers to the overall shape of the 
whorl independent of the effects of the spiral ribs. Al- 
though in practice this can sometimes be a difficult 
distinction to make by eye, it is readily accomplished 
via x-radiographs, camera lucida or analytically from 
morphometric data. Ida (1952) has proposed a set of 
whorl profile types designated with letters. Marwick 
(1971) adds names to the types. I have added two more 
types for the system employed here (Text-figure 13). 
These “‘types”’ are not intended to be interpreted as 
discrete character states, but only as end members of 
a multidimensional morphological continuum useful 
for identification and description. 

Although it is one of the most conspicuous aspects 


ofa turritellid species, and was long the most important 
character in diagnosing species and supraspecific taxa, 
whorl shape is of uncertain status in phylogenetic anal- 
yses of the group because of the problem of homoplasy. 


A priori, it is reasonable to suppose that of the char- 


acters considered here, whorl profile might be among 
the most prone to homoplasy. To the degree that shell 
morphology is functional in gastropods generally (e.g., 
Signor, 1982; Hickman, 1985; Stanley, 1988) the over- 
all shape of the whorl might be expected to be among 
the first shell characters to respond to selection pressure 
(cf, Ponder, 1973). 

Also of importance is the difficulty of homologizing 
whorl shape, the step that must precede the identifi- 
cation of homoplasy. Without more developmental in- 
formation that is currently available, it is difficult or 


32 PALAEONTOGRAPHICA AMERICANA, NUMBER 59 


Cc D H J iE U Vv 
convex subquadrate flat sided frustate imbricate concave keeied 
x Y 
telescoped campanulate 


WwW Q Z 
| hypercampanulate 
telescoped 
— acute 


straight 
sided 


Text-figure 13.—Classification of adult whorl profiles in turritelline gastropods. Lettered types C-Y first distinguished by Ida (1952), to 
which descriptive terms were added by Marwick (1971). Types Q, W and Z are distinguished here for the first time, as variations on types X 


and Y. 


impossible to say whether a similar whorl profile in 
one turritellid species is the ‘“‘same”’ as that in another. 
One technique that has been successful in this regard 
has been use of presumably homologous primary spiral 
ribs on the late whorls. For example, the two species 
Turritella (herein Palmerella) mortoni Conrad and T. 
(herein Haustator) rina Palmer are both basally cari- 
nate in whorl profile. Yet in mortoni the carina is com- 
posed of the C spiral, whereas in rina it is composed 
of the D spiral (Allmon, 1987, 1994). 

Without more knowledge of the direct Cretaceous 
ancestors of the lower Tertiary Coastal Plain species, 
or of their closest relatives in Eurasia or elsewhere, it 
is difficult to specify the polarity of whorl profile change 
in these species. The possibilities can be generalized 
to three, which are evaluated in the phylogenetic anal- 
yses below; the ancestor of the Coastal Plain species 
could have had 1) a round, 2) an adapically carinate, 
or 3) a basally carinate adult whorl profile. Few data 
are currently available to support one or another of 
these alternatives. The generally non-carinate whorl 
shape of most Cretaceous species from the Gulf Coastal 
Plain (e.g., Sohl, 1960) may support primitive status 
for around profile. Ifthe adapically carinate “Turritella 
humerosa group” is not very closely related to the other 
lower Tertiary Coastal Plain species, it could have in- 
herited its whorl shape from a Cretaceous ancestor 
(perhaps the adapically carinate Cretaceous species of 


Torquesia discussed by Douvillé (1929) and Marwick 
(1957a)). 


Apical and Pleural Angles and 
Shell Geometry 


Although formal generative parameters, such as those 
of Raup (1966) or Schindel (1990), represent the most 
thorough method of representing the geometric form 
of the gastropod shell, apical and pleural angles (Text- 
figure 8) provide a close proxy for several of the most 
important geometric aspects, especially in a relatively 
simple shell such as a turritellid. It is possible that a 
comprehensive study of formal geometric parameters 
in these or other turritellids would yield systematically 
useful data at the species level or above. No such anal- 
ysis has yet been attempted. Use of apical and pleural 
angles in the present study has corroborated Merriam’s 
(1941, p.34) opinion that these characters are useful 
only at the species level. 


Size 
Since size in many organisms is apparently highly 
responsive to local selective conditions (Calder, 1984; 
Stanley, 1985; LaBarbera, 1986), it is of limited value 
as a taxonomic character. Turritellids exhibit a range 
of adult sizes from 15 mm total height to more than 


300 mm. Modal values for all species, fossil and Re- 
cent, however, seem to be between 50 and 100 mm. 


PALEOCENE AND EOCENE TURRITELLID GASTROPODS: ALLMON 833) 


Whether size increase predominates over size decrease 
in the phylogeny of the group generally (““Cope’s Rule’’) 
is not known. Among Coastal Plain species, larger spe- 
cies tend to be more heavily sculptured than smaller 
species and on this basis could be seen as more derived. 
Stanley (1973) has argued that larger species tend to 
be more specialized than smaller relatives, and tend 
not to give rise to smaller descendants but rather to 
become extinct without issue. See Allmon (1994) for 
a further discussion of the significance of size in Coastal 
Plain turritellids. 


Adult Sculpture 


Compared to many other gastropod groups, external 
shell sculpture in Turritellidae is not well developed. 
It consists chiefly of spiral cords, ribs, or carinae of 
various number and strength. Axial elements are rare 
and of minor importance, but they do occur over the 
history of the group. The Venezuelan Miocene species 
Turritella zuliana Hodson, 1926, for example, shows 
pronounced scalloping on its flared anterior carina. A 
number of species, notably including Cretaceous forms 
placed in the genus Torquesia Douvillé, 1929 as well 
as the Recent western Atlantic species Torcula exoleta 
(Linnaeus, 1758) show faint to pronounced noding or 
beading on the spiral ribs of late whorls. 

There does not seem to be an overall polarity or 
trend in sculpture development for Turritellidae as a 
group over its entire history, although the extremely 
carinate morphologies typical of many of the larger 
species in the lower Tertiary of the Coastal Plain are 
absent from among Recent turritellids (Allmon et al., 
1990). Individual lineages, however, do seem to show 
minor patterns. The beaded Cretaceous species placed 
by Douvillé (1929) in his genus Torquesia, for example, 
may have been ancestral to unbeaded but similarly 
adapically carinate Lower Tertiary species in Eurasia 
as well as the western hemisphere (Rutsch, 1943; Mar- 
wick, 1957a). 


BIOGEOGRAPHIC CONTROL 


A major problem in any phylogenetic analysis is 
distinguishing between evolutionary and purely bio- 
geographic events (e.g., Eldredge, 1977; Schankler, 
1981). Taxa showing first appearances in a region may 
have recently arisen from /n situ ancestors, or may have 
immigrated from elsewhere. This is a particular prob- 
lem in analyses of a portion of a diverse, widespread 
and long-lived group such as Turritellidae. 

A good way to deal with the possibility of such im- 
migration events would be to carry out phylogenetic 
studies on related species in likely source areas in order 
to judge the likelihood that they could have contrib- 
uted immigrants. Such work has simply not been car- 


ried out for turritellids which, despite receiving sub- 
stantial attention from many authors over many years, 
remain poorly- to completly unknown in most areas 
of the world. Even in those areas that have been studied 
more intensively, the detail is usually insufficient to 
judge accurately the possibility of immigration to North 
America at particular. For example, of the three most 
likely source areas for immigrants into the U.S. Gulf 
and Atlantic Coastal Plain region in the lower Terti- 
ary — western Europe and the Mediterranean, northern 
South America and the Caribbean, and the Pacific coast 
of North America—only in the last region have lower 
Tertiary turritellids been studied in detail in the last 
70 years. 

The most recent work on European lower Tertiary 
species (Cossmann, 1912; Glibert, 1973) does not de- 
scribe sculptural ontogeny in any detail, and so despite 
the likelihood (based on overall biogeographic pat- 
terns) that Europe and southeastern North America 
exchanged benthic marine taxa during the early Ter- 
tiary, data presently available are insufficient to in- 
vestigate this possibility for turritellids.! 

Adegoke (1977) has reported on a probably Late 
Paleocene macrofauna from Nigeria, discussing tur- 
ritellids at some length, and describing a new genus, 
Reymentella. His data are summarized in Table 4. Even 
in this case, when information is available on the apical 
ontogeny of some species, data are insufficient to judge 
possible affinities with U.S. Coastal Plain taxa. Tor- 
quesia adabionensis (Oppenheim, 1915) from Nigeria, 
for example, is very similar in whorl profile and adult 
sculpture to ‘*7urritella’”” humerosa Conrad from beds 
of probably similar age in Maryland, but the apical 
ontogeny of neither species is definitely known. Growth 
lines of the African species generally agree with those 
of American species. Of the Paleocene African species 
with known apical ontogenies, Haustator nigeriensis 
Adegoke, 1977 is somewhat similar to both Turritella 
(herein Palmerella) alveata Conrad and TJ. (herein 
Haustator) perdita Conrad from the U.S. Coastal Plain, 
but these species are both of Late Eocene age. (It is 
interesting to note that protoconchs of the three Ni- 
gerian species for which they are available appear to 
be small and multispiral, suggestive of a long plank- 
tonic phase and potentailly high dispersal capability.) 

The most detailed works on South American Ter- 


' Preliminary examination of collections in the Institut Royale des 
Sciences Naturelle de Belgique in Brussels in early 1992 revealed a 
number of forms from the French, German and Belgian Tertiary 
that bear considerable outward similarity to Paleogene Coastal Plain 
species. Detailed study of these forms, particularly SEM examination 
of their apices, will be required before these very cursory impressions 
can be verified or rejected. 
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Table 4.—Character states for Paleocene turritelline species from Nigeria, described by Adegoke (1977). 


Species 


Torquesia adabionensis (Oppenheim, 1915) ? 

Torquesia oppenheimi Adegoke, 1977 €, 
Haustator furoni Adegoke, 1977 (oF 
Haustator nigeriensis Adegoke, 1977 G 
Haustator oyawoyei Adegoke, 1977 CG 
Reymentella olaniyani Adegoke, 1977 1D 


* “All three primary spirals develop in close succession on the 4th to Sth 


of spirals not determined.” (Adegoke, 1977, p. 95). 


OP Rem 


apical spiral growth line whorl no. whorls in 
formula type profile protoconch 

2A AC ? 

BKAS 2B AC ? 

BVALS 2A R 4-5 
Ate 2A BC 4-5 
Aes ee 2A R-BC 2 
BTA Rie 2B BC 3 
w 


horls and remain subequal throughout ontogeny; order of appearance 


** “Five spirals appear almost simultaneously on the third spire whorl, they represent r, a, b, c, and d (?)”” (Adegoke, 1977, p. 98). 


tiary turritellids are those of Spieker (1922) and Hod- 
son (1926), but in neither paper are apical sculpture 
patterns discussed in any detail. Numerous scattered 
references have been made in the literature to Carib- 
bean and South American turritellid species that seem 
to be closely related to Paleogene species from the Gulf 
Coastal Plain. These include forms from the Paleocene 
Maria Farinha Formation in Pernambuco, Brazil 
(Gardner, 1931, 1935; Woodring, 1972), and the Pa- 
leocene Soldado Formation of Trinidad (Maury, 1912, 
1929; Rutsch, 1943; Woodring, 1972). 

Macsotay and Scherer (1972) have summarized 
morphological data on Oligocene-Recent turritellids 
from the Caribbean and northern South America, and 
the results of a numerical taxonomic (i.e., phenetic) 
analysis. Although they present information on “‘sculp- 
ture of the first post-nuclear whorls” in the form of 
presence/absence of “medial,” “posterior,” “anterior” 
or “double” spiral keels, there is insufficient evidence 
that what is herein referred to as apical spiral ontogeny 
was in fact observed in all cases. Nevertheless, their 
study represents a major attempt at a phylogenetic 
analysis of turritellids, and provides numerous hy- 
potheses for testing. Apical ontogenetic formulae for 
species as given by Macsotay and Scherer are sum- 
marized in Table 5. Based on these data, it appears 
possible that some lineages of Gulf and Atlantic Coast- 
al Plain turritellids experienced exchange with some 
or all of the proto-Caribbean basin in the early Ter- 
tiary. The paucity of possible relatives outside the 
Coastal Plain, however, suggests that this interchange 
may have been in the form of emmigration to the 
south, rather than immigration into the U.S. Coastal 
Plain. 

Merriam (1941) describes Cretaceous to Recent tur- 
ritellid species from the Pacific coast in detail, but his 
information on apical ontogeny is not very useful be- 
cause, as discussed above, he uses the ambiguous de- 
scriptive “‘uni-, bi- and tricarinate’’ system. Table 6 
summarizes the principal shell characters of the 12 


““stocks” identified by Merriam, and his suggestions as 
to possible affinities with species on the Gulf Coastal 
Plain. This information is crude, but suggests that 
members of the “Turritella” humerosa group on the 
Gulf and Atlantic Coastal Plains, and perhaps mem- 
bers of the Turritella (herein Palmerella) creola group 
on the Gulf Coastal Plain (e.g., T. alveata Conrad; see 
discussion of lineages below), could have been Pacific 
immigrants rather than evolved in situ. As discussed 
in more detail below, these conclusions are consistent 
with other arguments that the Aumerosa group may 
not be closely related to other Coastal Plain species. 

Short of the ideal specific phylogenetic information 
that one would like to have, some very general paleo- 
geographic and paleobiogeographic information is 
available that may give rough indications of times of 
high immigration into the southeastern U.S. As sum- 
marized in Allmon (1990), in the early Tertiary, North 
America (including Greenland) and Europe were still 
essentially continuous, allowing not only land mam- 
mals to be freely exchanged (McKenna, 1975), but also 
probably benthic marine invertebrates with no or only 
short planktonic phases (Berggren and Hollister, 1974, 
p.150). Molluscan faunas from the Danian of West 
Greenland, for example, contain several bivalve spe- 
cles comparable to species from the Paleocene Aquia 
Formation of Maryland and the Thanetian of the Paris 
Basin (Rosenkrantz, 1970, p.447). According to Koll- 
mann and Peel (1983, pp.43-44), however, West 
Greenland Paleocene turritellids show closer affinities 
to European than to American forms. 

Davies et al. (1975, p.128) have suggested that the 
Paleocene Midwayan Stage faunas of the Gulf coast 
show greater similarities to the faunas of northwestern 
Europe than to those in lower latitudes. Gardner (1931, 
1935), on the other hand, emphasizes the Tethyan af- 
finiites of the Midwayan faunas. Middle Eocene mol- 
luscan faunas on the two sides of the North Atlantic 
show both similarities and differences. Assessing the 
magnitude of each is hindered by lack of reliable sys- 
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Table 5.—Inferred apical spiral sculpture formulas for Caribbean Neogene turritellid species based on data presented by Macsotay and 
Scherer (1972). It is unlikely that all of these inferred formulae actually represent earliest sculpture ontogeny, but most probably represent the 


condition of at least relatively early teleoconch sculpture. 


inferred apical 


sculpture 
Species formula 

abrupta Spieker, 1922 ABC, 

acropora Dall, 1889 AB,C 
alowensis F. Hodson, 1926 ABC 

altilira Conrad, 1857a ABC, 
a. guppyi Cossmann, 1909 AB,C 
a. mirandana F. Hodson, 1926 ABC, 
a. urumacoensis F. Hodson, 1926 ABC, 
alturana Spieker, 1922 AB,C 
amaras Woodring, 1957 A,BC, 
andreasi Williston, in Hodson, 1926 ABC 

anguillana Cooke, 1919 AB,C 
bayovarensis Olsson, 1932 AB,C 
berjadinensis F. Hodson, 1926 AB,C 
bifastigata Nelson, 1870 AB,C 
b. cartagenensis Brown and Pilsbry, 1917 AB,C 
b. oreodoxa Olsson, 1922 AB,C 
buchivacoana F. Hodson, 1926 AB,C, 
b. canonensis F. Hodson, 1926 AB,C, 
b. colinensis F. Hodson, 1926 AB,C 
b. warfieldi F. Hodson, 1926 AB,C 
b. socorroensis F. Hodson, 1926 AB,C 
b. cocoditana F. Hodson, 1926 AB,C 
caleta Olsson, 1931 A, BC, 
caparonis Maury, 1925 AB,C, 
cauredalitoensis F. Hodson, 1926 ABC 

chipolana Dall, 1982 A,BC, 
chiriquiensis Olsson, 1922 AB,C 
columbiana Weisbord, 1929 AB,C, 
conquistadorana Hanna & Israelsky, 1925 ABC 

cornellana F. Hodson, 1926 AB,C 
costaricensis Olsson, 1922 AB,C 
crocus Cooke, 1919 ABC, 
cruziana Olsson, 1932 ABC 

curamichatensis F. Hodson, 1926 AB,C 
domingensis Brown and Pilsbry, 1917 AB,C 
elemensis F. Hodson, 1926 AB,C, 
falconensis F. Hodson, 1926 ABC, 
fica Olsson, 1932 A, BC, 
filicarmenensis F. Hodson, 1926 AB,C 


tematic revisions of even the more important groups. 
The introduction of molluscan species from Europe to 
the U.S. Gulf coast may have increased through the 
Late Eocene, peaking at or around the Eocene-Oligo- 
cene boundary (Dockery, 1984). The U.S Gulf coast 
may well have had more in common with northwestern 
Europe than with the Tethys-proto Caribbean realm, 
and only intermittent contact with the Pacific coast of 
North America (Palmer, 1957, 1967; Davies et al., 
1975, p.130; Keen, 1976; Allmon, 1990, pp. 118-119; 
Nicol, 1991; Givens, 1989). 

For the purposes of the following analyses I have 


inferred apical 


sculpture 
Species formula 
forresti Brown, 1913 ABC 
galvesia Olsson, 1931 AB,C 
gatunensis taratarana F. Hodson, 1926 AB,C, 
g. gatunensis Conrad, 1985b AB,C, 
g. caronensis Mansfield, 1925 AB,C, 
gaweaveri F, Hodson, 1926 AB,C 
gilbertharrisi F. Hodson, 1926 ABC, 
hubbardi F. Hodson, 1926 ABC 
illesca Olsson, 1931 ABC 
infracarinata Grzybowski, 1899 A,BC, 
larensis F. Hodson, 1926 AB,C 
limonensis Olsson, 1922 AB,C 
lloydsmithi Pilsbry and Brown, 1917 AB,C, 
machapoorensis Maury, 1925 AB,C 
m. wiedenmayeri F. Hodson, 1926 AB,C 
m. guarirensis F. Hodson, 1926 AB,C 
m. paraguanensis F. Hodson, 1926 AB,C 
maiquetiana Weisbord, 1962 AB,C 
masasensis Marks, 1951 ABC 
matarucana F. Hodson, 1926 ABC 
mauryae F. Hodson, 1926 AB,C 
meroensis Olsson, 1931 A,BC, 
mimetes Brown and Pilsbry, 1917 AB,C 
montanitensis F. Hodson, 1926 AB,C 
perattenuata Heilprin, 1887 AB,C 
planigyrata Guppy, 1867 AB,C 
praecellens Brown and Pilsbry, 1917 ABC, 
prenuncia Spieker, 1922 ABC 
subgrundifera Dall, 1892 ABC 
systiolata Dall, 1915 ABC 
varicosta Spieker, 1922 AB,C 
variegata Linnaeus, 1758 AB,C 
variegata paraguanensis F. Hodson, 1926 AB,C 
venezuelana F. Hodson, 1926 AB,C 
v. quirosana F. Hodson, 1926 ABC 
vistana F. Hodson, 1926 ABiG; 
v. nicholsi F. Hodson, 1926 AB,C, 
zuliana F. Hodson, 1926 AB,C 


assumed that most of the lower Tertiary Coastal Plain 
species discussed here are not themselves immigrants, 
nor are they the immediate descendants of such im- 
migrants. Indications of Pacific coast affinities for some 
taxa are consistent with other data that are independent 
of biogeographic evidence, as discussed below. Sug- 
gestions of relationships to species from the Caribbean 
and South America (e.g., Macsotay and Scherer, 1972) 
and Europe (e.g., Glibert, 1973; pers. obs.) also need 
to be studied in greater detail. This is clearly not an 
optimal situation. As I have emphasized, data on tur- 
ritellids from beyond North America are severely lim- 
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Table 6.—Character states for Cretaceous and Cenozoic turritelline species from California, described by Merriam (1941). 


lateral 
Stock age sinus! 
broderipiana d’Orbigny, 1840 M Mio-Rec 4b 
cooperi Carpenter, 1864 L Mio-Rec 2c 
ocoyana Conrad, 1857a M-L Mio 4b 
altilira Conrad, 1857b E Mio-Rec 2b 
uvasana Conrad, 1855 E Eoc-Rec 2b 
buwaldana Dickerson, 1916 E-LEoc 2 
andersoni Dickerson, 1916 E-L Eoc 2b 
merriami Dickerson, 1913 E-M Eoc 2b 
reversa Waring, 1917 Pal-M Eoc 2b 
pachecoensis Stanton, 1896 L Cret-Pal 2a 
chicoensis Gabb, 1864 IS Cret lb 
tolenasensis Merriam, 1941 L:Cret la 


' Lateral sinus type designations after lettered types in Text-figure 10. 


possible 
apical whorl gulf coast 

sculpture? profile? relative(s)* 
mesocostate Q 
cingulate U 
tricostate Zi 
tricostate U Torcula spp. 
bicostate (B, C, ?) Cc P. alveata (Conrad) 
tricostate (e 
tricostate H-L 
bicostate (B, C, ?) x “T.” praecincta Conrad ? 
tricostate »,« “T.” humerosa Conrad 
tricostate J-Y 
bicostate? (B, C, ?) Cc T. vertebroides Morton 
tricostate J 


2 “Bicostate” and “‘tricostate”’ as explained in text. ““mesocostate”’: “‘in early ontogeny a more or less median primary, which exists as a carina 
or angulation in adolescent stages, often later becoming obsolete” (Merriam, 1941, p. 6). 


3 Whorl profile type designations after lettered types in Text-figure 13. 


+ Suggested relationships are Merriam’s (1941, pp. 38-43). 


ited, and as a result these biogeographic conclusions 
can serve as no more than hypotheses for future testing. 


ANALYSIS OF COASTAL PLAIN SPECIES 
Taxa Considered 


The following discussion concentrates on those tur- 
ritellid species most closely related to two common, 
conspicuous and historically important forms, ‘*7ur- 
ritella mortoni Conrad, 1830” and ‘*Turritella hume- 
rosa Conrad, 1835b’’, and is restricted to Paleocene 
and Eocene occurrences (Tables 7-9). 


Recognition of Species Groups 


Species related to “Turritella mortoni Conrad” and 
“Turritella humerosa Conrad” are recognized by their 
possessing characters shown by these two forms and 
lacking in all or most other species. Principal characters 
and character states for the Paleocene and Eocene 
Coastal Plain turritellid species that share such char- 
acters are given in Table 9. Based on these data and 
the foregoing discussion of character analysis, four spe- 
cies groups or lineages can be recognized on the basis 
of shared derived characters. These are referred to be- 
low as the “mortoni group”, the “‘creola group”, the 
“rina group’, and the “humerosa group”. 


Relationships Among Species Groups: 
a Cladistic Approach 


In attempting a cladistic analysis of these species, 
the first and in many ways most difficult decision is 
the choice of an outgroup. Eldredge (1979, p.171) has 


emphasized that there is no hard and fast rule govern- 
ing the selection of the correct outgroup for comparison 
with the taxa of interest. The method of outgroup com- 
parison should be viewed rather as a continuous pro- 
cedure of pair-wise comparison. Potential sister groups 
are proposed on the basis of previous or independent 
phylogenetic information and analysis, and alterna- 
tives are tested by how well they accord with available 
data. 

At this point in the study of Turritellidae, so little 
detailed morphological documentation and phyloge- 
netic analysis have been done that there is no guarantee 
that any named group chosen as an outgroup (e.g., a 
supraspecific taxon from Europe or the Pacific coast 
of North America) will, when combined with the 
Coastal Plain taxa of interest, comprise a monophy- 
letic, or at least not polyphyletic, group. 2) There are 
no corroborated hypotheses of possible evolutionary 
relationships between these lower Tertiary species and 
particular Cretaceous forms from the Coastal Plain or 
elsewhere. Those links that have been proposed (e.g., 
Merriam, 1941; Marwick, 1957a; Sohl, 1960, p.71) are 
based on little more than similar whorl profile. 

For these reasons, I have chosen to use hypothetical 
outgroups in the following analyses. This avoids hav- 
ing to wait for taxa in other areas and times to be 
examined in detail before Coastal Plain species can be 
considered at all. The number of relevant characters 
is low and can easily be specified for a variety of out- 
groups; these character lists can then be used at a later 
date to test relationships between actual monophyletic 
taxa and these coastal plain species. 

Three alternative cladograms for the relationship 
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Table 7.—Described species of turritellid gastropods (excluding species assigned to the genus Mesalia Gray, 1842) from the Paleocene and 
Eocene of the U.S. and their taxonomic placement in the present paper. * indicates species for which well-preserved shell apices are known. 
Names in brackets are not recognized as separate taxa in the present paper. 


“Turritella mortoni Group” (placed in Palmerella n. gen.) 
alabamiensis Whitfield, 1865* 
alveata Conrad in Wailes, 1854* 
apita de Gregorio, 1890* 
arenicola (Conrad, 1865)* 
[a. branneri Harris, 1891] 
[a. danvillensis Stenzel and Turner, 1940*] 
chirena Stenzel and Turner, 1940* 
clevelandia Harris, 1892* 
creola Palmer in Harris and Palmer, 1947* 
dumblei Harris, 1895a* 
dutexata Harris, 1895a* 
femina Stenzel in Renick and Stenzel, 1931* 
[f. oligoploka Stenzel in Renick and Stenzel, 1931] 
hilli Gardner, 1935 
levicunea Harris, 1896 
lisbonensis Bowles, 1939 
mortoni mediavia Bowles, 1939 
mortoni mortoni Conrad, 1830* 
pleboides (Vaughan, 1895)* 
mortoni postmortoni Harris, 1894a 
potomacensis Clark and Martin, 1901 
mortoni “premortoni’” Govoni, 1983 (Govoni and Hansen, in 
press)* 
Stenzeli Allmon, n. sp. 
“Turritella rina Group” (placed in Haustator Montfort, 1810) 
carinata 1.Lea, 1833* 
[carina palmerae Bowles, 1939] 
cortezi Bowles, 1939 
fischeri Palmer in Richards and Palmer, 1953 
gilberti Bowles, 1939* 
infans Stenzel and Turner, 1940* 
martinensis Dall, 1892 
perdita Conrad, 1865* 
[perdita jacksonensis Cooke, 1926*] 
[perdita lowei Cooke, 1926*] 
rina Palmer, 1937* 


among species groups in these Paleogene Coastal Plain 
species are shown in Text-figure 14. Several points 
concerning these cladograms are important: 

1) Outgroups in the three cladograms differ only in 
their whorl profile (7.e., “round,” “basally carinate”’ 
and ‘“‘adapically carinate’’). This is consistent with the 
foregoing discussions and the data summarized in Ta- 
bles 1 and 9 that suggest that the closest relatives of 
the Coastal Plain species had an apical sculpture for- 
mula of C, B, A3, a hybrida-imbricataria-type lateral 
growth line aspect, a moderately deep basal sinus, and 
a moderate size and apical angle. These character states 
are therefore presumed to be plesiomorphic in the 
Coastal Plain species. 

2) These cladograms are based on the weighting 
scheme described above, without which many other 
arrangements would be equally plausible. For example, 


[rina carolina Palmer, 1937] 
[rina wechesensis Bowles, 1939] 
rivurbana Cooke, 1926 

subrina Palmer, 1937 

subtilis Kellum, 1926 
tennesseensis Gabb, 1860* 
vaughani Bowles, 1939 


“Turritella humerosa Group” (placed in ‘*Turritella’’) 


aldrichi Bowles, 1939* 
biboracesis Gardner, 1945 
claytonensis Bowles, 1939 
eurynome Whitfield, 1865 
gardnerae LeBlanc, 1942 
humerosa Conrad, 1835b* 
multilira Whitfield, 1865 
praecincta praecincta Conrad, 1864* 
praecincta virginiensis Allmon, n. ssp. 
“prehumerosa” Govoni, 1983 (Govoni and Hansen, in press)* 
toulmini Allmon, n. sp. 

Incertae Sedis 
bunkerhillensis Palmer in Harris and Palmer, 1947 
dobyensis Dockery, 1980* 
kincaidensis Plummer, 1933 
mcbeanensis Bowles, 1939 
mingoensis Bowles, 1939 
nasuta Gabb, 1860* 
{n. brazita Stenzel and Turner, 1940] 
[n. felli Bowles, 1939] 
[n. houstonia Harris, 1895] 
[n. smithvillensis Bowles, 1939] 
nerinexa Harris, 1895a 
obruta Conrad, 1833 
ola Plummer, 1933 
plummeri Stenzel and Turner, 1940 
polysticha Stenzel and Turner, 1940 
saffordi Gabb, 1860 
turneri Plummer, 1933* 


if apical ontogeny and whorl profile were weighted 
equally and an outgroup with a round whorl profile 
were used, the creo/a group would be primitive rather 
than derived, and the C, B, A; apical sculpture formula 
of the rina group would be derived (and homoplastic) 
rather than primitive. ; 

3) The only synapomorphic character possibly unit- 
ing all Coastal Plain species in a monophyletic group 
is the lack of beaded sculpture. This character change 
is proposed very tentatively and only because many 
Cretaceous species, particularly in Eurasia, bear such 
sculpture prominently (e.g., Douvillé, 1929) and some 
of the lower Tertiary Coastal Plain species vestigially. 
Given the uncertainty of the Cretaceous ancestry of 
Coastal Plain species, however, this is a very difficult 
hypothesis to support at the present time. Even if the 
ancestry were more definite, loss characters are gen- 
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Table 8.—Geographic range and stratigraphic duration of Paleocene and Eocene turritelline species from the U.S. Gulf and Atlantic Coastal 
Plains. 

Ranges were calculated by connecting the geographic centers of counties containing one or more reported occurrences of the species with 
straight lines, forming maximum area convex polygons, and measuring the enclosed areas with an electronic digitizing tablet. Exceptions were 
made to allow for the known shape of the Lower Tertiary shoreline and continental shelf edge (/.e., ranges were not calculated over area 
presumed to be land or continental slope; using the paleogeographic interpretations of Murray [1961], Rainwater [1964], Toulmin [1977], 
Breard [1978], Siesser [1984b], Hansen [1987] and Dockery [1988]). Species known from only two localities are given ranges equal to the 
distance between the two in km’. Species known from single localities, or from multiple localities within a single county, are arbitrarily given 
ranges of 10 km?. Ranges are given for time slices defined by correlative lithostratigraphic units across the Coastal Plain; for species known 
from more than one such temporal unit, ranges are given for each unit individually. 

Duration is the estimated total lifetime of a species over the entire interval of deposition of all stratigraphic units in which it occurs, and 
so are maximum estimates given the known stratigraphic distribution. Values were calculated based on best available biostratigraphic dates 
for formational boundaries, using the absolute timescale of Berggren ef a/. (1985). 

Abbreviations of lithostratigraphic units: AQ, Aquia Formation; BA, Bashi Marl; BM, Black Mingo Group; BS, Brightseat Formation; CH, 
Castle Hayne Limestone; CL, Clayton Formation; CM, Cook Mountain Formation; DBT, Doby’s Bluff Tongue; GS, Gosport Sand; KI, Kincaid 
Formation; LL, Lower Lisbon Formation; LO, ‘“‘Logansport Formation” (=Lime Hill); MB, Moodys Branch Formation; MCB, McBean 
Formation; MLM, Matthews Landing Marl Member of Porters Creek Formation; MR, Marthaville Formation; NA, Naheola Formation; NF, 
Nanafalia Formation; PC, Porters Creek Formation; PE, Pendleton Formation; QC, Queen City Formation; RK, Reklaw Formation; SCB, 
Stone City Beds; SR, Shark River Formation; TS, Tuscahoma Formation; TSBL, Bells Landing Marl Member of Tuscahoma; TSGL, Greggs 
Landing Marl Member of Tuscahoma; UL, Upper Lisbon Formation; WB, White Bluff Formation; WE, Weches Formation; WP, Wills Point 
Formation; YZ, Yazoo Formation. 


erally undesirable because of the high chance of ho- 


moplasy (cf, Hecht, 1976). 


4) It seems likely that the species of the humerosa 
group are not particularly closely related to the other 


Coastal Plain species, for the following reasons: 


range duration range duration 
Species time unit (km?) (my) Species time unit (km?) (my) 
alabamiensis NA 10 7.6 levicunea NA 10 7.6 
WP-PC 66 PC 10 
KI-CL 404,054 lisbonensis CM-UL-MCB 248,239 6.0 
aldrichi LO-NA 679 7.6 mcbeanensis MCB 10 3.0 
WP-PC 66 mingoensis BM 10 3.0 
KI-CL 9,122 mortoni mortoni AQ 2,092 322) 
alveata MB-WB 63,965 0.5 multilira MR-NF 4,338 2.6 
apita GS 10 (3)93} nasuta CM-UL-MCB 206,987 13 
arenicola YZ 205 Tea nerinexa WE 57,086 4.0 
MB-WB 146,785 obruta GS 10 0.3 
carinata GS 50 5.0 ola KI 10 4.0 
CM-UL 74,160 perdita MB 37,526 0.5 
chirena WE 10 3.0 pleboides CM 64 3.0 
claytonensis (alc 208 4.0 polysticha WEE 10 1.0 
clevelandia YZ 201 7.0 mortoni postmortoni PE-TS 39,990 3.2 
MB 45,350 MR-NF 45,832 
cortezi CM 45,832 2.0 potomacensis AQ 2,092 32 
creola MB 2,196 0.5 praecincta praecincta PE-TS 39,714 5.8 
dobyensis DBT 10 1.0 praecincta virginiensis AQ 2,092 332 
dumblei CM 8,306 3.0 “‘prehumerosa” BS 10 1S 
dutexata CM 122,794 3.0 mortoni “‘premortoni” BS 10 1:5 
eurynome PE-TS 14,443 5.8 rina CM-UL-MCB 130,581 70 
MR-NF 890 rivurbana MB 7,453 0.3 
femina WE 65 3.0 saffordi (Qe 1,446 4.0 
BA 10 stenzeli KI 42 4.0 
gilberti BA 35,523 3:2 subrina CM-UL-MCB 123,016 7.0 
hilli KI 10 4.2 subtilis CH 10 5.0 
houstonia CM 20,172 3.0 tennesseensis CE 13,720 4.0 
humerosa AQ 2,092 3.2 toulmini CL 10 4.0 
infans CM 37 3.0 turneri OE 10 3.0 
SCB 10 RK 622 
kincaidensis KI 346 4.2 vaughani MCB 10 2.0 


1) possible relationships between the humerosa group 
and turritellid species from elsewhere are more sup- 
ported than for the other Coastal Plain species groups 
(e.g., Merriam (1941) for the Pacific coast, Rutsch 
(1943) for the Caribbean and South America); 11) as 
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Table 9.—Character states for Paleocene and Eocene turritellid species from the Gulf and Atlantic Coastal Plains discussed in this paper. 


Conventions and abbreviations as in Table 1. 


apical sculpture basal 

Species formula sinus type 
alabamiensis Cl B2 A3 4 2 
aldrichi Cl B2 A3 4-5 2 
alveata Cl Bl A2 344 2 
apita Cl Bl A2 3 2 
arenicola Cl BI A2 344 2 
carinata Cl B2 A3 4 2 
chirena Cl BI A2 4 2 
claytonensis 2 ? 
clevelandia Cl B1 A2 4-6 2 
cortezi ? ? 
creola Cl BI A2 1-2 
dobyensis C2 BI A3 3 2 
dumblei Cl Bl A2 4-5 2 
dutexata Cl Bl A2 ? 1 
eurynome ? 6? 2 
femina Cl B1 A2 2-3 1-2 
gilberti Cl B2 A3 45 1 
hilli ? 4 2 
humerosa Cl B2 A3 3 2 
infans Cl B2 A3 3 1-2 
kincaidensis ? 4-6 2 
levicunea ? 4 2 
lisbonensis ? 3 2 
martinensis Cl B3 A2 ? (1) v4 7 
mortoni mediavia a 4 2 
mortoni mortoni Cl Bl A2 4 2 
multilira ? 3 2 
perdita Cl B2 A3 3-4 3? 
pleboides Cl B2 A3 3 1 
mortoni postmortoni ? 4 1-2 
praecincta ? 4-6 2 
prehumerosa Cl B2 A3 (2) 2 2 
mortoni “‘premortoni” Cl B2 A3/C1 BI A2 (3) 4 2 
rina Cl B2 A3 4 2 
rivurbana ? 4-5 2 
stenzeli i 4 1 
subrina 2 4 2 
tennesseensis Cl B2 A3 2 2-3 
toulmini ? 3 2 


already mentioned, Spiller (1977) states that **Turri- 
tella” humerosa has a multispiral protoconch, sugges- 
tive of a more extended planktonic phase and higher 
potential for dispersal, and this may have allowed more 
contact with regions outside the Coastal Plain; iii) the 
adapically carinate whorl profile of the humerosa group 
would not appear to be morphogenetically very close 
to the basally carinate profile of the rina group, with 
which the Aumerosa group shared a common apical 
sculpture formula; it seems more reasonable to assume 
that if these two lineages are related at all, that they 
developed their distinct whorl profiles independently 
from a noncarinate ancestor. 


growth line 


lateral sinus apical pleural whorl 
depth apex angle angle angle profile size 
M B OR-P 20 J M 
M B OR 14 Q M 
M A-B OR 18 D M 
M B OR 20 Vv S-M 
M A-B OR-P 25 20 (C M 
M B P 15 19 J-L M-L 
S-M B OR 27 J S-M 
19 Q-X M-L 
M B E 16 af M 
16 27 U M-L 
M A-B OR-OP 22 (e; M 
M B OR 15 12 c M 
M B P-OR 17 17 J M 
M A-B OR 21 C-J M 
M B P 14 Q-X 1b 
M B P-OR 23 C-J M 
M A-B OR 20 D-J S-M 
M-D B OR-P 20 J-Y M-L 
M A-B OR 17 Xx L-VL 
M A OR 19 J S 
M B 12 15 Af M 
S-M B P 22 30 H-L M-L 
M B P-OR 19 7 C-D M-L 
M B OR 14 1 M-L 
M B OR 21 23 J-Y L 
M B P-OR 22 J-Y L-VL 
M A-B P 16 9 X-Q IC, 
M B P 16 J-D M 
M A OR 20 18 c S-M 
M A-B Pp 23 21 Y-Z L-VL 
M B P 19 14 X-W L-VL 
M A-B Pp 17 15 Q-X M-L 
M B-C P: 22: J-Y M-L 
M A-B OR 18 L-Y L 
M A-B OR 16 L-U M 
M A OR 17 J-U M 
M B OR 23 U 1 
M B OR-P 17 U S-M 
M B OR 10 X-C M-L 


Relationships within Species Groups: 
a Stratophenetic Approach 


Following from the discussion in the Methods sec- 
tion above, the stratigraphic ranges of the component 
species of the four lineages are plotted on an evolu- 
tionary tree in Text-figure 15, together with a set of 
hypothesized branching relationships. These relation- 
ships are based on stratophenetic reasoning (Bretsky, 
1979; Gingerich, 1979; Lazarus and Prothero, 1984): 
morphologically similar species found in close geo- 
graphic and stratigraphic proximity are assumed to be 
closely related. Exact branching order within a cluster 
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Text-figure 14.—Three alternative cladograms showing possible 
relationships of four of the principal species groups of turritellid 
gastropods from Paleocene and Eocene sediments of the U.S. Gulf 
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of such species is determined by the balance among 
the three variables of morphology, stratigraphy and 
geography. For example, of three species in the same 
area and stratigraphic horizon, the two sharing the most 
similarities are assumed to be more closely related; of 
three equally dissimilar species, the two occurring clos- 
est in either time or space are most closely related. 

Individual supraspecific relationships based on this 
stratophenetic approach are discussed in the system- 
atic section below. 


Supraspecific Taxa in the 
Present Study 


A persistent pattern in the literature on North Amer- 
ican Cenozoic turritellids is the reluctance of investi- 
gators to assign species to formal supraspecific groups. 
Palmer (1937), for example, while noting that “The 
Claibornian species do not belong to Turritella s.s. 
according to the lines of growth,” uses the name Tur- 
ritella “in the broad sense of the genus.”’ The reasons 
for this reluctance are summed up by Merriam (1941, 
p.35): 


According to the standards of taxonomy herein proposed, the 
European and austral genera, subgenera and sections could be eval- 
uated only by study of complete and well-preserved “genotype” 
material. This has been done for only one or two of these. Until this 
study is accomplished for all, it is considered inexpedient to propose 
additional generic or subgeneric names, or, in America at least, to 
attempt to use most of those already existent. 


Allison and Adegoke (1969, p.1250) similarly state 
that ‘Much additional study of earliest apical ontogeny 
is yet necessary before Bowles’ [1939] groups can be 
reconstituted naturally. Until this information is avail- 
able, formal nomenclature should not be provided for 
his groupings as they now stand” (emphasis in origi- 
nal). 

The only commonly discussed basis for suprageneric 


— 


and Atlantic Coastal Plains. These cladograms differ only in the 
nature of the outgroup, which is hypothetical in each case. A. Out- 
group with beaded sculpture, paucispiral protoconch, C,B,A, apical 
sculpture formula, and round whorl profile. B. Outgroup with beaded 
sculpture, paucispiral protoconch, C,B,A, apical sculpture formula, 
and adapically carinate whorl profile. C. Outgroup with beaded 
sculpture, paucispiral protoconch, C,B,A, apical sculpture formula, 
and basally carinate whorl profile. See text for further discussion. 
Characters and character states are as follows: 1. beaded sculpture, 
a. present, b. absent; 2. protoconch, a. paucispiral, b. multispiral; 3. 
whorl profile, a. basally carinate, b. round, c. adapically carinate; 4. 
apical sculpture formula, a. C,B,A;, b. C,B,A,; 5. strength of B spiral 
in adults, a. well developed, b. weak to absent; 6. strength of C spiral, 
a. moderate, b. very strong to carinate. Cladogram | or 2 is preferred 
based on likely form of Cretaceous ancestor (i.e., outgroup) and 
probability that humerosa group is only distantly related to other 
Coastal Plain clades (i.e., that similarities are shared primitive char- 
acters). See text for further discussion. 
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Text-figure 15.—Phylogenetic tree of turritellid species discussed in this paper. Known stratigraphic ranges are represented by solid lines, 
inferred relationships by dashed lines. Stratigraphic relationships based on Toulmin (1977), Dockery (1980), and Carter (1984). 
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assignment of American Paleogene species has been 
the growth line classification of Guillaume (1924) (Text- 
figure 9). As pointed out by Dollfus (1926), Stewart 
(1927) and Woodring (1928), Guillaume fails to cor- 
relate his groups with already existing supraspecific 
names, some of which appear to match his descrip- 
tions. The conventional pairing (e.g., Woodring, 1928) 
is as follows: 


groupe de T. rerebralis Lamarck = Turritella Lamarck, 1799 
groupe de 7. imbricataria Lamarck = Haustator Montfort, 1810 
groupe de T. turris Basterot = Archimediella Sacco, 1895 
groupe de 7. subangulata Brocchi = Torculoidella Sacco, 1895 


Guillaume’s “groupe de 7. hybrida” apparently does 
not match up with an existing name, and it is this 
growth line group into which American Paleogene spe- 
cies have usually been placed (e.g., Palmer, 1937; 
Bowles, 1939). 

The only name ever proposed for the species with 
hybrida-type lateral sinuses is Turricula, proposed by 
Douvillé (1929) as a subgenus of Turritella. The name 
Turricula, however, is a much preoccupied name, and 
is unavailable (Bowles, 1939, p.270; Marwick, 1957a, 
p.161). Douvillé also proposes the genus name Tor- 
quesia to contain Eurasian Cretaceous species with lat- 
eral growth line traces intermediate between those of 
Guillaume’s 7. imbricataria and T. hybrida groups and 
bearing prominent adapical carinae and beaded sculp- 
ture on the spiral ribs. The use of Torquesia is extended 
by Rutsch (1943, pp.163ff) to include a number of 
species from the lower Tertiary of the Americas as well 
as Eurasia. Marwick (1957a) suggests placing these and 
other similar Tertiary species in Jspharina Vialov and 
Soloun, 1936, as a subgenus of Torquesia. As made 
clear by Allison and Adegoke (1969), however, /s- 
pharina is a nomen nudum, because neither type spec- 
imens nor type locality is designated and adequate de- 
scriptions and illustrations of the type species are not 
provided. Govoni (1983) and Govoni and Hansen (in 
press) have followed Rutsch (1943) in suggesting that 
Torquesia be used to include lower Tertiary species 
(including the species here included in the “humerosa 
group’’) with adapically carinate whorls and hybrida- 
type lateral sinuses. 

Despite these opinions, I believe that the described 
differences between the nominate genera Torquesia and 
Haustator are ambiguous. Marwick (1957a, p.154) 
states that the type species of the genus Haustator, H. 
imbricatarius (Lamarck) from the Upper Eocene of 
England, has a growth line with a ‘“‘moderately deep, 
moderately oblique lateral sinus ofa general shape that 
is widespread in the Turritellinae’’, and suggests that 
homoplasy was likely in this rather simple growth line 
type. As already mentioned, Guillaume (1924) em- 


phasizes that the differences between his 7. hybrida 
and 7. imbricataria types are small; my own exami- 
nation of these species supports this opinion (Text- 
figure 12). The basal sinus of 7. imbricataria is some- 
what deeper than that of 7. hybrida, but even this is 
somewhat variable in the specimens I have examined. 
According to Marwick (1957a, p.154), the type species 
of Haustator has a three-whorled protoconch and an 
apical sculpture formula of C, B, A;. Although the 
apical ontogeny is apparently unknown for both the 
type species of Torquesia from the Cretaceous and for 
any of the less sculptured forms assigned by Marwick 
to the genus from the lower Tertiary, an as yet unde- 
scribed species (“prehumerosa’’ Govoni (1983); Go- 
voni and Hansen, in press) placed by Govoni in Tor- 
quesia, has a protoconch of about two whorls and an 
apical sculpture formula of d C, B, Aj. In erecting 
Torquesia as a genus separate from Haustator, Dou- 
villé (1929) places most emphasis on the whorl profile; 
species assigned to Torquesia have prominent adapical 
carinae while those in Haustator typically have basal 
carinae. Marwick (1957a, p.160), however, states that 
these differences in whorl profile ‘tare not taxonomi- 
cally important.”’ Nevertheless, Marwick declares Tor- 
quesia to be a “‘useful genus for many Cretaceous spe- 
cies of Guillaume’s Aybrida group.” 

In summary, Jorquesia s.s. and Haustator do not 
appear to differ in any features other than the presence 
or absence of beaded sculpture and the vertical position 
of carination on the whorl, both of which are features 
Marwick (1957, p.160) declares to be “‘apparently of 
no more than specific value.” If the unbeaded lower 
Tertiary forms are included in 7orquesia, as suggested 
by Govoni (1983) and Govoni and Hansen (in press), 
then one of even these two diagnostic characters 1s lost. 

Based on the data currently available, Guilllaume’s 
T. hybrida and T. imbricataria lateral sinus types do 
not appear to be sufficiently discrete or non-overlap- 
ping criteria on which to base supraspecific designa- 
tions. The genera Haustator and Torquesia, therefore, 
can be said to share a common lateral sinus form. 
Further work may show that some of these species 
differ in form of the basal sinus. Data currently avail- 
able, however, indicate that such differences are minor. 

The genus Torquesia, if it is to be recognized at all, 
should be restricted to the species for which it was 
erected: the chiefly Eurasian, adapically carinate Cre- 
taceous species bearing prominent beaded sculpture. 
In the lower Tertiary of the western hemisphere, adap- 
ically carinate species largely lacking beaded sculpture, 
but sharing the hybrida-imbricataria growth line type 
(e.g., ““T.” humerosa Conrad) should be placed in a 
genus-group separate from Jorquesia. It is possible that 
many of the Eurasian species discussed under /sphar- 
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Text-figure 16.—Three possible supraspecific classifications of Paleocene and Eocene Coastal Plain turritellids. Diagrams on the left assume 
either of cladograms A or B in Text-figure 14; diagrams on right assume cladogram C in Text-figure 14. H = humerosa group, R = rina group, 
M = mortoni group, C = creola group. At, A2. Two supraspecific taxa, one including the humerosa group, the other the mortoni, creola and 


rina groups. B1, B2. Two supraspecific taxa, one including the humerosa and rina groups, the other including the mortoni and creola groups. 
C1, C2. Three supraspecific taxa, one including the humerosa group, one the rina group, and the other the mortoni and creola groups. This 


is the scheme adopted here. 


ina by Marwick may also belong here. (If it should 
prove to be the case that ‘““Turritella’”’ humerosa has a 
small, multispiral protoconch suggestive of a long 
planktonic interval (as indicated by Spiller, 1977), such 
wide dispersal of this clade would be more likely.) 

The choices for supraspecific assignment of the Pa- 
leocene and Eocene Coastal Plain species are sum- 
marized in Text-figure 16, superimposed on the pos- 
sible cladograms discussed in the previous section. The 
three choices are as follows: 


1) Based on whorl profile, the mortoni, rina and 
perhaps creola species groups could be placed in the 
genus Haustator Montfort (choices la and 1b), but this 
would mean that species with two distinct apical on- 
togenetic formulae (C, B, A; and C, B, A) would be 
included in a single genus. As discussed above, most 
previous work, as well as the present study, indicates 
that lineages can be recognized on the basis of apical 
ontogeny. 

2) If apical ontogeny is given the most emphasis, the 
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rina group might be placed with the humerosa group 
in a supraspecific taxon separate from the mortoni and 
creola groups (choices 2a and 2b). Against this alter- 
native is the possibility that the humerosa group is, as 
discussed above, not particularly closely related to the 
other lower Tertiary Coastal Plain species, but rather 
to similar species from Eurasia or elsewhere. The growth 
line form and lack of beaded sculpture that unite the 
Coastal Plain species discussed here could both be 
shared primitive characters. 

3) A final alternative is to recognize three separate 
supraspecific taxa among the lower Tertiary Coastal 
Plain species. This is the option I have adopted here. 

The first taxon, consisting of the “‘mortoni group” 
and the “‘creola group,” is characterized by a basally 
carinate to rounded whorl profile, C, B, A, apical 
sculpture formula, hybrida-imbricataria-type lateral 
sinus, moderately deep basal sinus, and a protoconch 
of 1-2.5 whorls with small P1. It appears that no name 
is currently available for such a taxon. | therefore pro- 
pose the name Pa/merella for it (see p. 45). 

The second taxon, consisting of the “rina group,” is 
characterized by prominent basal carination formed 
by a well developed D spiral, an apical sculpture for- 
mula of C, B, A; with a tendency for the B spiral to 
become obsolete late in ontogeny, especially in later 
members of the group, hybrida-imbricataria-type lat- 
eral sinus, moderately deep basal sinus, and a proto- 
conch of 1-2.5 whorls with a small P1. These species 
can be assigned to the genus Haustator Montfort, 1810, 
as a derived branch that eventually gave rise to the 
genus Torcula Gray, 1847 in the Late Eocene (Allison 
and Adegoke, 1969). 

The third group of species includes ** Turritella”’ hu- 
merosa Conrad and its apparent relatives. These spe- 
cies are characterized by moderate to pronounced 
adapical carination, an apical sculpture formula of C, 
B, A;, hAybrida-imbricataria-type lateral sinus, mod- 
erately shallow basal sinus, and a protoconch possibly 
varying from 1-1.5 to 3-4 whorls with a small P1. 
Information is presently insufficient to assign these spe- 
cies to a formal genus-level taxon with confidence, and 
I reluctantly follow tradition by assigning it to “*Tur- 
ritella”’ sensu lato. 


SYSTEMATIC PALEONTOLOGY 


In the descriptions that follow, the locality infor- 
mation given represents all locality records known to 
me for each species. Abbreviations of localities refer 
to those listed in Appendix 2. At least one source for 
each record is indicated in the parentheses following 
the abbreviation. 

Abbreviations for these sources are as follows: A— 


Allison (1965, 1967); AA— Allison and Adegoke (1969); 
ANS—ANSP collection; B— Bowles (1939) (documen- 
tary specimens for most of Bowles’ records are in the 
USNM collection); C—Cooke (1943); CA—Campbell 
(1992); D-Dockery (1977, 1980); G—Gardner (1935); 
GO—Govoni (1983), Govoni and Hansen (in press); 
GSA —Geological Survey of Alabama collection; HA— 
Harris (1894b); HP—Harris and Palmer (1947); HU— 
Hughes (1958); JA—private collection of James Allen, 
Alexandria, Louisiana; L—LeBlanc in Barry and 
LeBlanc (1942); MCZ—author’s collection, deposited 
in the Department of Invertebrate Paleontology of the 
Museum of Comparative Zoology; P— Palmer (1937); 
PB—Palmer and Brann (1966); PL— Plummer (1933); 
RP—Richards and Palmer (1953); RS—Renick and 
Stenzel (1931); S40—Stenzel (1940); S53—Stenzel 
(1953); ST—Stenzel and Turner (1940, 1942); T— 
Toulmin (1977); TLM—Toulmin and LaMoreaux 
(1963); TX—Texas Memorial Museum/Bureau of 
Economic Geology, Austin, US—USNM collection; 
V—Vaughan (1896); VC—Van Nieuwenhuise and 
Colquhoun (1982); VS— Veatch and Stephenson (1911); 
WW-Wassem and Wilbert (1943); W-Wilbert (1953): 
WD-— Ward (1985). 

In the locality lists, ? after a locality number means 
that the species identification of the specimen(s) 1s un- 
certain. (?) after a locality number means that the lo- 
cality is not definitely known. 

As in Tables | and 9, the size classification of Mar- 
wick (1971) is used in referring to maximum shell height 
of each species: Very Large = > 100 mm, Large= 50- 
100 mm, Medium = 20-50 mm, Small=10-20 mm, 
Very Small=< 10 mm. 

Sculptural ontogenies for most species are shown as 
““Marwick Diagrams” in Text-figure 7. Growth line 
traces are shown in Text-figure 12. Protoconch mea- 
surements are given in Table 3, and other character 
states summarized in Table 9. 

Measurements given in tables for locality numbers 
represent /argest individuals observed from these lo- 
calities. Apical and pleural angles have been measured 
on type specimens, unless otherwise indicated. 

See Text-figures 3,4,6 and 8 for illustration of mor- 
phological terms used in descriptions. 


Abbreviations of 
Repository Institutions 


ANSP—Academy of Natural Sciences of Philadel- 
phia, Philadelphia, PA, USA 

FGS— Florida Geological Survey type collection; now 
held at Florida Museum of Natural History, University 
of Florida, Gainesville, FL, USA 

FMNH-UC—Field Museum of Natural History, 
Chicago, IL, USA 
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FLMNH-UF-—Florida Museum of Natural History, 
University of Florida, Gainesville, FL, USA 

GSA—Geological Survey of Alabama, Tuscaloosa, 
AL, USA 

LSU— Museum of Geoscience, Louisiana State Uni- 
versity, Baton Rouge, LA, USA 

MCZM-—Department of Mollusks, Museum of 
Comparative Zoology, Cambridge, MA, USA 

MCZIP— Department of Invertebrate Paleontology, 
Museum of Comparative Zoology, Cambridge, MA, 
USA 

MGS-— Mississippi Office of Geology, Jackson, MS, 
USA 

PRI—Paleontological Research Institution, Ithaca, 
NY, USA 

TMM/TBEG— Texas Memorial Museum/Bureau of 
Economic Geology, University of Texas, Austin, TX, 
USA 

UCMP—Museum of Paleontology, University of 
California, Berkeley, CA, USA 

UNC-— Department of Geology, University of North 
Carolina, Chapel Hill, NC, USA 

USGS— U.S.Geological Survey, Reston, VA, USA 

USNM—U.S.National Museum, Washington, DC, 
USA 


Systematics 
Class Gastropoda Cuvier, 1797 
Subclass Prosobranchia Milne-Edwards, 1848 
Order Mesogastropoda Thiele, 1925 
Superfamily Cerithiacea Fleming, 1822 
Family Turritellidae Lovén, 1847 
Genus PALMERELLA, new genus 


Type Species. —Turritella mortoni Conrad, 1830 

Diagnosis.—Small to very large turritellids with 
round to basally carinate adult whorl profile and apical 
sculpture formula of C, B, A;. 

Description. —Shell small to very large, of 10-25 
whorls. Protoconch of 1—2.5 whorls with small P1. 
Apical sculpture formula C, B, A;. Profile of adult 
whorls round to basally carinate. Sculpture consists of 
multiple simple, moderately developed spiral ribs. 
Apical angle usually equal to, but occasionally less than, 


> The name “Turritellidae” was introduced independently by Clark 
(1851) and Woodward (1851), with priority usually attributed to 
Woodward (e.g., Knight, 1960, p.I317). The first use of a formal 
suprageneric name for the group, however, is apparently that of 
Lovén (1847, p.194) as ‘“‘Turritellea”. According to Article 11 fii, 
ICZN, “‘A family-group name of which the latinized suffix is incor- 
rect is available with its original authorship and date, but with a 
corrected suffix” (ICZN, 1985, p.27), and thus Lovén is the correct 
authority for the name Turritellidae. 


pleural angle. Lateral sinus of the “hybrida-imbrica- 
taria” type, basal sinus moderately deep and simple. 

Stratigraphic and Geographic Distribution. — 
U.S.Gulfand Atlantic Coastal Plain (VA, NC, SC, GA, 
AL, MS, LA, TX, AR), Mexico, Trinidad? South 
America?; Lower Paleocene— Upper Eocene. 

Etymology. —Named after Dr. Katherine V.W. 
Palmer in recognition of her many contributions to 
knowledge of Coastal Plain fossil mollusks, especially 
turritellid gastropods. 


Palmerella alveata 
(Conrad in Wailes, 1854) 
Plate 5, Figures 7-9 


Turritella alveata Conrad in Wailes, 1854, pl.17, f.7 (reprint, 1939, 
pl.4, f.7); Conrad, 1856, p.263 (reprint, 1939, p.9); Harris, 1894b, 
p.120, 169, 181; Bowles, 1939, p.306, pl.32, f.1; Stenzel and Tur- 
ner, 1942, card 43; Palmer in Harris and Palmer, 1947, p.288, 
pl.36, f. 7-12; Brann and Kent, 1960, p.897; Allison, 1965, p.671; 
Palmer and Brann, 1966, p.980; Dockery, 1977, p.44, pl.3, f.5. 

Mesalia alveata (Conrad). Conrad, 1865a, p.33; 1866, p.25. 

Turritella (Haustator) alveata Conrad. Cossmann, 1912, p.118. 


Description. —Shell medium sized, of 18 to 22 whorls. 
Maximum observed whorl diameter 12.2 mm. Apical 
angle 18°; apical and pleural angles approximately equal. 
Sutures slightly to moderately incised. Protoconch erect, 
homeostrophic, turbinate, of 0.75-1.0 smooth, round- 
ed, somewhat inflated whorls; Pl small. Apical sculp- 
ture formula C, B, A;. Primary spirals B and C ap- 
pearing simultaneously in lower 2 of whorl, abruptly 
becoming prominent and of equal strength. Primary 
spiral A appearing within 1.0 whorl on upper '3 of 
whorl, remaining slightly weaker than B and C for 1- 
2 whorls, after which all primaries of approximately 
equal strength. Secondaries r, s and t appearing be- 
tween primaries around whorl 8-9. Teleoconch whorls 
wider than high. Profile of early teleoconch whorls 
roughly evenly convex; later whorls rounded and 
slightly basally convex to straight-sided. Area between 
C spiral and suture deeply excavated and smoothly 
concave. Lateral aspect of growth line trace slightly 
prosocline, with upper and lower inflection points. Lat- 
eral sinus moderately deep with apex about at whorl 
middle. Spiral and basal sinuses roughly symmetrical 
and relatively shallow. 

Measurements. —See Table 10. 


Table 10.—Measurements of Palmerella alveata (Conrad). Ab- 
breviations: MD = maximum diameter (including carina if present) 
in mm., MH = maximum height, in mm., WN = whorl number, to 
the nearest 0.5. 


MD MH WN 
ANSP 13213 lectotype 2.2 48.1 17 
ANSP 13213 paratype 11E9 44.5 1'535 
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Stratigraphic and Geographic Distribution. —MS, LA: 
Moody’s Branch Formation; AR: White Bluff For- 
mation; lower Jacksonian Stage, Upper Eocene. 

Type Locality.—Moody’s Branch, Jackson, Hinds 
County, Mississippi (MS-HN-4). 

Other Localities. -MS-HN-1b (B), MS-HN-Ic (D), 
MS-HN-1d (B), MS-HN-2 (D), MS-HN-3 (D), MS- 
HN-4b (B), MS-CL-3 (B), LA-FR-1 (B), LA-GR-1 (B), 
LA-GR- 1a (B), LA-LS-1 (B), LA-CL-1b (D), LA-CL- 
lc (D), LA-CL-le (D), LA-CL-1g (D), LA-CL-1h (D), 
LA-CL-2 (D), LA-CL-3 (D). 

Type Material. —lectotype and paratype of 7. alveata 
Conrad ANSP 13213. 

Remarks/Discussion. — The type specimens are much 
larger than average for the species; mean height of 
specimens I have examined 1s closer to 30-40 mm than 
to 40-50 mm. In sculpture and whorl profile Pa/mer- 
ella alveata is most similar to P. creola (Palmer) and 
P. arenicola (Conrad), also from the Moodys Branch 
Formation. All three of these species show generally 
rounded whorls, widest in the lower half, and narrow 
excavated bands just above the suture. Pa/merella al- 
veata has the least inflated whorls of the three. P. al- 
veata often co-occurs with but is less abundant than 
Haustator perdita (Conrad) at most exposures of the 
Moodys Branch; at Bunker Hill Bluff on the Ouachita 
River (LA-CL-2) and Riverside Park in Jackson, Mis- 
sissippi (MS-HN-6), however, P. al/veata is the most 
common turritellid and among the most common ma- 
crofossils. 


Palmerella apita (de Gregorio, 1890) 
Plate 4, Figures 6,7 


Turritella carinata H.C.Lea, 1841, p.96, pl.1, f.10; 1849, p.107; 
Meyer, 1887, p.54, pl.3, f.1,la; Harris, 1895b, p.10; not I.Lea, 
1833, p.129. 

Turritella apita de Gregorio, 1890, p.123, pl.11, f.8, £26, copy T- 
carinata H.C.Lea, 1841, f.27a, 27b, copies Meyer, 1887; Coss- 
mann, 1893, p.29; Harris, 1895b, p.82; Palmer, 1937, p.195, pl.24, 
f.1,3,7,10; in Harris and Palmer, 1947, p.285; Bowles, 1939, p.275, 
pl.31, f.4; Stenzel and Turner, 1942, card 44; Brann and Kent, 
1960, p.898; Glibert, 1962, p.103; Allison, 1965, p.672; Palmer 
and Brann, 1966, p.980-981; Toulmin, 1977, p.301, pl.50, f.2. 


Description. —Shell small to medium sized. Maxi- 
mum observed whorl diameter 10.0 mm. Apical angle 
20°; apical and pleural angles approximately equal. Su- 
tures only moderately incised. Protoconch and earliest 
teleoconch whorls not seen; Palmer (1937, p.196) and 
Allison (1965, p.672) report an apical sculpture for- 
mula of d C, B, aj. On earliest whorls examined, pri- 
mary spiral B quickly becoming most prominent, 
forming single sharp keel on middle of whorl. C spiral 
much less prominent and A even less. Whorl profile 
between C spiral and lower suture relatively straight, 
sloping evenly inward, and marked by fine, evenly 


Table 11.—Measurements of Pa/merella apita (de Gregorio). Ab- 
breviations as in Table 10. 


MD MH WN 
USNM 494978 8.0 26.0 10.5 
MCZIP 29290 10.9 24.8 6 
MCZIP 29291 8.0 21.8 ti) 


spaced spiral ribs. Lateral aspect of growth line trace 
orthocline to slightly prosocline with upper and lower 
points of inflection. Lateral sinus moderately deep with 
apex at about middle of whorl. Spiral and basal sinuses 
relatively shallow. 

Measurements. —See Table 11. 

Stratigraphic and Geographic Distribution. —AL: 
Gosport Sand; GA: McBean Formation? (?); LA: Cook 
Mountain Formation (?); upper Claibornian Stage, 
Middle Eocene. 

Type Locality.—Claiborne Bluff, Alabama River, 
Monroe County, Alabama (AL-MO- 1a). 

Other Localities. —AL-CL-4 (MCZ), GA-JO-1 (VS) 
?, LA-WI-1 (V) ? 

Type Material. —holotype of T. apita De Gregorio 
PRI 26438: lectotype of 7. carinata H.C.Lea ANSP 
13173: 

Remarks/Discussion. —1 have not been able to con- 
firm records for this species from beds of Cook Moun- 
tain age, and for the present consider it to be restricted 
to the Gosport Sand, in which it is relatively rare. I 
have not seen a well preserved apex; if the apical sculp- 
ture formula given by Palmer (1937) and Allison (1965) 
is correct, it is another illustration of an apparently 
“unicarinate”’ species not being truly so on its earliest 
whorls (see also Pa/merella arenicola (Conrad), below). 
This is in contrast to “Turritella’”’ dobyensis Dockery, 
1980, which appears to be truly unicarinate. Possible 
phylogenetic relationships of Palmerella apita are dis- 
cussed below under P. arenicola. 


Palmerella arenicola (Conrad, 1865b) 
Plate 5, Figures 3-6 


Turritella plebeia Say. Owen, 1860, pl.9, f.6; not Say, 1824, p.125. 

Mesalia ? arenicola Conrad, 1865b, p.141, pl.10, f.11; 1866, p.11 
[locality not Oregon as given]. 

Turritella carinata 1.Lea. Heilprin, 1884, p.37; Call, 1891, p.8; not 
[. Lea, 1833: 

Turritella arenicola (Conrad). Dall, 1891, footnote in Call, 1891, 
p.8; 1892, p.232,310; Stewart, 1927, p.354; Bowles, 1939, p.275, 
pl.31, f.5-7; Stenzel and Turner, 1942, card 45; Palmer in Harris 


3 The status of the ‘McBean Formation” is unclear. It is most 
probably a sandy facies of the upper Claibornian Santee Limestone, 
and equivalent to the upper part of the Lisbon/Cook Mountain 
Formation and/or the Gosport Sand in Alabama (see Huddlestun 
and Hetrick, 1985; Campbell, 1992, 1995; Dockery and Nystrom, 
1992; Fallaw and Price, 1992). 
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and Palmer, 1947, p.281, pl.34, f.8-11; Brann and Kent, 1960, 
p.898-9; Allison, 1965,p.673—4; Palmer and Brann, 1966, p.981; 
Dockery, 1977, p.43-4, pl.3, f.16,17; 1980, p.82, pl.56, f.7,8,10 
Toulmin,1977, p.335, pl.62, f.12,13. 

Turritella arenicola branneri Harris, 1894b, p.169, pl.6, f.7; Schuch- 
ert, Dall, Stanton, and Bassler, 1905, p.676; Palmer, 1937, p.197, 
pl.23, f.1,2; in Harris and Palmer, 1947, p.283, pl.34, f.2,3,6,7; 
Stenzel and Turner, 1942, card 49; Wilbert, 1953, p.123, pl.2, f.5; 
Brann and Kent, 1960, p.899; Allison, 1965, p.674. 

Turritella arenicola danvillensis Stenzel and Turner, 1940, p.841, 
pl.47, f.4,5; 1942, card 58; Palmer in Harris and Palmer, 1947, 
p.284, pl.34, f.1,4,5, pl.35, f.1; Brann and Kent, 1960, p.899,900; 
Allison, 1965, p.672-673; Palmer and Brann, 1966, p.981-982. 


Description. —Shell medium sized, of 18 to 22 whorls. 
Maximum observed whorl diameter 12.0 mm. Apical 
angle 25°; pleural angle sometimes slightly less than 
apical angle. Sutures only slightly incised. Protoconch 
erect, homeostrophic, turbinate, of about 2.0 smooth, 
rounded, somewhat flattened whorls; P1 small. Apical 
sculpture formula C, B, A,. Primary spirals B and C 
appearing approximately simultaneously as broad 
prominence at around middle of whorl. B quickly be- 
coming more prominent, forming single, conspicuous, 
sharp carina on middle of whorl. Primary A appearing 
shortly after B and C, but remaining faint. B remaining 
most prominent for up to 10 whorls, after which other 
primaries and secondaries emerging abruptly, covering 
upper surface of intermediate and late whorls with nu- 
merous, evenly spaced, subequal spirals, changing whorl 
profile from keeled to rounded and slightly basally con- 
vex. B and C becoming equally prominent and the 
most conspicuous sculptural elements. Area between 
C spiral and suture widening and becoming slightly 
concave. Lateral growth line trace generally prominent, 
usually prosocline, with upper and lower inflection 
points and relatively shallow lateral sinus; apex just 
above middle of whorl. Spiral and basal sinuses rela- 
tively shallow. 

Measurements. —See Table 12. 

Stratigraphic and Geographic Distribution. — MS, LA: 
Moody’s Branch Formation, Yazoo Formation (Dan- 
ville Landing Member); AR: White Bluff Formation; 
TX, MX: horizon unknown; GA,SC: McBean 
Formation* ?; upper Claibornian ? and Jacksonian 
Stages, Upper Eocene. 

Type Locality.—Garland Creek, Clarke County, 
Mississippi (MS-CL-3). 

Other Localities. —MS-CL-15 (D), MS-CL-18 (D), 
MS-YZ-4 (B), MS-YZ-5 (B), MS-HN-1 (D), MS-HN-4 
(D), LA-GR-1 (B), LA-GR-1d (B), LA-RA-1 (B), LA- 
RA-2 (B), LA-CL-6 (D), AR-BR-1(B), AR-DR-1 (B), 
AR-JF-1 (W,US), AR-SF-1 (B), AR-SF-2 (B), AR-SF-4 
(B), AR-CL-1b (H), AR-CL-4 (H), AR-CL-8 (H), TX- 
ST-1 (B), TX-SA-2b (B), MX-TA-1 (B), MX-TA-2 (B), 


+ See Footnote 3, p.46. 


Table 12.— Measurements of Palmerella arenicola (Conrad). Ab- 
breviations as in Table 10. 


MD MH WN 
USNM 489002 12.0 41.0 10.5 
USNM 495144 9.0 36.0 13.5 
MS-YZ-5 10.2 34.2 10 
MS-CL-3 10.4 32:3 11 
LA-CA-1 10.0 22.9 5 


MX-NL-3 (B), GA-BU-1 (VS), GA-JO-1 (VS), SC-O-1 
(CA). 

Type Material.—lectotype of T. arenicola Conrad 
ANSP 15536; holotype of T. a. branneri Harris USNM 
135141; syntypes of T. a. danvillensis TMM/TBEG 
20962, 20963. 

Remarks/Discussion. — Allison (1965, pp.672-3) 
states that the upper Jacksonian subspecies Turritella 
arenicola danvillensis Stenzel and Turner has an apical 
sculpture formula of C, B, A; but that arenicola s.s. 
shows C, B, A;. I have not see specimens with the 
latter pattern; the description given above is for spec- 
imens from the Moodys Branch Formation in Clarke 
County, Mississippi, and suggests that both Yazoo and 
Moodys forms show similar apical ontogenies and be- 
long to a single taxon. 

The similar apical sculpture and early strength of the 
B spiral in Palmerella apita (de Gregorio) and P. ar- 
enicola suggest a close relationship between these two 
species. The rounded whorl profile and strength of the 
two lowest spirals on later whorls in P. arenicola sug- 
gest a relationship with the lineage of P. femina (Sten- 
zel), including P. dutexata (Harris), and P. lisbonensis 
(Bowles) (see discussion of these forms below). The 
smaller pleural angle in arenicola in particular may 
indicate relationship with P. lisbonensis. Palmerella 
apita and P. arenicola may represent descendants of 
the femina lineage in which the B spiral became stron- 
ger than the C spiral, this pattern persisting to adult- 
hood in apita, and ending much earlier in the ontogeny 
of arenicola. 


Palmerella chirena 
(Stenzel and Turner, 1940) 
Plate 3, Figures 7-9 


Turritella chirena Stenzel and Turner, 1940, p.838, pl.47, f.3; 1942, 
card 54; Palmer and Brann, 1966, p.984. 


Description. —Shell small, of 10 to 15 whorls. Max- 
imum observed whorl diameter 7.0 mm. Apical angle 
27°: apical and pleural angles approximately equal. Su- 
tures only slightly incised. Teleoconch whorls wider 
than high. Protoconch suberect, homeostrophic, tur- 
binate, of 2.0-2.5 smooth, rounded whorls; P1 small. 
Apical sculpture formula C, B, A;. Primary spirals B 
and C appearing approximately simultaneously as faint, 
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Table 13.—Measurements of Palmerella chirena (Stenzel and Tur- 
ner). Abbreviations as in Table 10. 


MD MH WN 
TMM/TBEG 20960 holotype Ted 19.5 9.5 


broad prominence just below middle of whorl. Within 
1.0 whorl A appearing very faintly, B and C diverging 
and profile between C and suture becoming excavated 
and concave. Shape of early to intermediate teleoconch 
whorls generally rounded, of late whorls straight-sided 
and subquadrate. Lateral aspect of growth line trace 
orthocline, showing only lower point of inflection and 
relatively shallow lateral sinus whose apex is above 
whorl middle. Spiral and basal sinuses of moderate 
depth. 

Measurements. —See Table 13. 

Stratigraphic and Geographic. Distribution. —TX: 
“Cane River Formation” (see remarks below); Clai- 
bornian Stage, Middle Eocene. 

Type Locality.—road from Chireno to Hwy. 21, 
Nacogdoches County, Texas (TX-NA-8). 

Other Localities. —TX-NA-7 (MCZ). 

Type Material. —holotype of T. chirena Stenzel and 
Turner TMM/TBEG 20960. 

Remarks/Discussion. —The stratigraphic position of 
beds in East Texas identified by Stenzel and Turner as 
“Cane River” is unclear. The Cane River Formation 
was named by Spooner (1926) for beds in Louisiana 
occurring stratigraphically above those of the Wilcox 
Group and below the Sparta Sand. Ellisor (1929) rec- 
ognizes the Cane River in the subsurface in East Texas, 
underlying the Reklaw, and it is so indicated on a 
USGS correlation chart (Wilmarth, 1930). Eargle (1968) 
states that the Louisiana Cane River beds correlated 
with beds of the Weches, Queen City and Reklaw in 
East Texas. I have not been able to relocate the type 
locality of P. chirena near the town of Chireno; all 
outcrops in ditches between the town and Highway 21 
lack macrofossils. A good outcrop containing fairly 
well preserved specimens of P. chirena (locality TX- 
NA-7), however, occurs on Hwy. 21, approximately 7 
km west of Chireno. Exposed here are approximately 
5 m of highly glauconitic, clayey sand containing small 
to medium sized oysters identifiable as Cubitostrea 
smithvillensis (Harris) and/or C. lisbonensis (Harris), 
both of which are characteristic of the Weches For- 
mation. Lithologic and faunal evidence is therefore 
consistent with assigning this outcrop and, provision- 
ally at least, the type occurrence of P. chirena to the 
Weches Formation. 

Palmerella chirena shares with P. dumblei (Harris) 
from the overlying Stone City and Cook Mountain 
beds a similar apical sculpture formula and basally 


carinate whorl shape, but differs in its greater apical 
angle and somewhat smaller size. Both P. chirena and 
P. dumblei may be derived from a form similar to 
specimens here noted for the first time as occurring in 
the upper Sabinian Bashi Formation and assigned to 
P. femina (Stenzel) (see p. 51). 

The origins of Palmerella chirena, and its apparent 
relative P. dumblei, are unclear. These Middle Eocene 
species share with the Late Paleocene P. mortoni (Con- 
rad) the C, B, A, apical sculpture formula and a basally 
carinate whorl profile, but are much smaller. They share 
with the Middle-to-Late Eocene species of the “‘creola 
group” the same apical sculpture formula and rela- 
tively modest size (see Text-figures 14,15). Based on 
size alone, it does not seem likely that mortoni was 
actually ancestral to these forms. There are thus two 
choices for the origin of chirena and dumblei. Either 
they are derived from the ‘“‘creo/a group,” in which 
case their basally carinate whorl profile is not homol- 
ogous to that in mortoni and its close relatives, or they 
are derived from a lineage that split off from the “‘mor- 
toni group,” probably in the earliest Paleocene, before 
the time of P. mortoni mediavia (Bowles) and P. mor- 
toni ssp. (“premortoni” Govoni, 1983; see Govoni and 
Hansen, in press). Based on the reasoning and confi- 
dence estimates discussed above, and summarized in 
Table 2, I favor the former alternative. It seems un- 
likely that a group arising in the Coastal Plain region 
in the Early Paleocene would leave no trace until the 
Middle Eocene. (The alternative view is, however, sup- 
ported by the previously unreported presence of P. 


femina (Stenzel) from the Bashi Marl of Alabama (see 


below), which provides a potential Lower Eocene an- 
cestor for the creo/a lineage. It is possible that, because 
chirena and dumblei are small, relatively uncommon 
Texas forms, the somewhat more poorly preserved Pa- 
leocene-lowermost Eocene Texas macrofossil record 
has thusfar concealed their derivation from a mortoni- 
like ancestor.) 

The ‘‘creola group” itself has no definitely known 
ancestor on the Coastal Plain before the earliest Eo- 
cene, and by the argument just given might on these 
grounds be assumed not to have originated in the re- 
gion. This may well prove to be the case. It is possible, 
however, that one of the Early Paleocene species with 
a round whorl profile (e.g., “*Turritella”’ ola Plummer, 
1933) for which the apical spiral formula is not known 
might be ancestral to the creo/a lineage, and these should 
be investigated in addition to seeking possible ancestral 
forms are sought outside the Coastal Plain. 


Palmerella clevelandia (Harris, 1894b) 
Plate 5, Figures 1,2 


Turritella perdita? Dall, 1891, footnote in Call, 1891, p.8, fide Harris, 
1894b, p.92. 
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Turritella mortoni Conrad. Call, 1891, p.8, fide Harris, 1894b, p.92; 
not Conrad, 1830. 

Turritella clevelandia Harris, 1894b, p.170, pl.4, f.9; 1899a, p.74 in 
part [part = 7. gi/berti Bowles]; Vaughan, 1896, p.50; Schuchert, 
Dall, Stanton and Bassler, 1905, p.676; Palmer, 1937, p.202, pl.26, 
f.6,7; in Harris and Palmer, 1947, p.290, pl.36, f.1-6; Bowles, 
1939, p.308, pl.31, f.9,12; Stenzel and Turner, 1942, card 56; 
Wilbert, 1953, p.123, pl.2, f.4; Brann and Kent, 1960, p.907; 
Glibert, 1962, p.95; Palmer and Brann, 1966, p.984—-5; Dockery, 
1977, p.44. 

Turritella (Haustator) Clevelandica [sic] Harris. Cossmann, 1912, 
p.118. 


Description. —Shell small, of 10 to 15 whorls. Max- 
imum observed whorl diameter 5.5 mm. Apical angle 
16°; apical and pleural angles approximately equal. Su- 
tures moderately incised. Apical sculpture formula C, 
B, A,. Primary spirals B and C appearing approxi- 
mately simultaneously just below middle of whorl, of 
equal strength and beginning to diverge. Primary A 
appearing within 1.0 whorl, and B becoming more 
prominent for one to two whorls, after which C be- 
coming slightly more prominent and remains so. Three 
primaries retaining relative strengths, giving late whorls 
a tricarinate, subquadrate form. Secondaries present 
but remaining faint. Lateral growth line trace proso- 
cline with upper and lower inflection points and rel- 
atively shallow lateral sinus with apex around whorl 
middle. Spiral and basal sinuses relatively shallow. 

Measurements. —See Table 14. 

Stratigraphic and Geographic Distribution.—AR: 
White Bluff Formation; MS: Moody’s Branch For- 
mation; LA: Moody’s Branch Formation, Yazoo For- 
mation (Danville Landing Member); TX?, GA?: ho- 
rizons unknown; Jacksonian Stage, Upper Eocene. 

Type Locality. —White Bluff, Arkansas River, Jef- 
ferson County, Arkansas (AR-JF-1). 

Other Localities. —-AR-CL-1b (B), AR-CL-4 (B), AR- 
CL-4B (B), AR-CL-7 (B), AR-BR-1 (B), AR-SF-1 (B), 
AR-SF-2 (D), AR-SF-4 (B), MS-YZ-1 (D), MS-YZ-2 
(MCZ), LA-GR-1 (JA), LA-CA-1 (HP), LA-CA-2 (HP), 
GA-JO-1 ? (WS), GA-GL-2 ? (C). 

Type Material.—lectotype of T. clevelandia Harris 
USNM 498010, syntypes USNM 135142. 

Remarks/Discussion. —This species is relatively rare. 
In whorl form and adult sculpture it is most similar to 
Haustator gilberti (Bowles), specimens of which were 
originally identified as c/evelandia, but the apical sculp- 
ture of the two forms is very different. P. clevelandia 
differs from the other Moodys Branch turritellids of 


Table 14.—Measurements of Pa/merella clevelandia (Harris). Ab- 
breviations as in Table 10. 


MD MH WN 
USNM 498010 339) 24.1 13%5 


similar apical sculpture in its subquadrate whorl profile 
and three-ribbed adult sculpture. It may be more close- 
ly related to small basally carinate forms of Claibornian 
age, such as P. chirena (Stenzel and Turner). 

P. clevelandia is one of two Moodys Branch turri- 
tellids to occur in the Danville Landing Member of the 
Yazoo Formation, the other being P. arenicola (Con- 
rad). After noting the similarity of P. dumblei (Harris) 
to the Oligocene species “Turritella” carota MacNeil, 
MacNeil (in MacNeil and Dockery, 1984, p.53) sug- 
gests that carota may have been derived from P. clev- 
elandia. 


Palmerella creola 
(Palmer im Harris and Palmer, 1947) 
Plate 4, Figures 1-5 


Turritella creola Palmer in Harris and Palmer, 1947, p.286, pl.35, 
f.2,4,5; Brann and Kent, 1960, p.909; Allison, 1965, p.671-2; 
Palmer and Brann, 1966, p.985. 


Description. —Shell small to medium sized, of 15 to 
20 whorls. Maximum observed whorl diameter 10.0 
mm. Apical angle 22°; pleural angle may be slightly 
less than apical angle. Sutures moderately incised. Pro- 
toconch erect, homeostrophic, turbinate, of approxi- 
mately 1.0 smooth, rounded whorls; P1 small. Apical 
sculpture formula C, B, A,. Primary spirals C and B 
appearing, faintly at first, around or slightly below mid- 
dle of whorl, quickly becoming prominent. C may be 
equal in strength or slightly weaker than B. Primary A 
appearing two to three whorls later, and remaining 
faint throughout ontogeny. Sculpture of adult whorls 
consisting of two prominent spirals (B and C) on lower 
’; of whorl, separated by a slightly weaker secondary 
(T). Primary A and secondaries above whorl middle 
approximately equal in strength but weaker than sec- 
ondary (T). Teleoconch whorls wider than high, evenly 
rounded and relatively inflated in profile. Whor! profile 
below C spiral slightly excavated and concave leading 
to suture. Lateral aspect of growth line trace orthocline 
with upper and lower inflection points and moderately 
deep sinus whose apex is above middle of whorl. Spiral 
and basal sinuses moderately deep. 

Measurements. —See Table 15. 

Stratigraphic and Geographic Distribution. —LA, TX, 
MS: Moody’s Branch Formation; lower Jacksonian 
Stage, Upper Eocene. 


Table 15.—Measurements of Pa/merella creola (Palmer). Abbre- 
viations as in Table 10. 


MD MH WN 


PRI 4579 holotype 32.3 10.0 1ATES 
PRI 4580 paratype 25.2 9.8 5 


wn 
Oo 


Type Locality.— Montgomery Landing, Red River, 
Grant Parish, Louisiana (LA-GR-1). 

Other Localities. -TX-SA-2b (HP), MS-YZ-2 
(MCZ). 

Type Material.—holotype of T. creola Palmer PRI 
4579, paratypes PRI 4577, 4578, 4580. 

Remarks/Discussion. — Palmer (in Harris and Palm- 
er, 1947) suggests that P. creola is most closely related 
to “the 7. dutexata Harris stock of the lower Clai- 
borne.”’ In its rounded, convex whorl profile, creola 
most closely resembles P. femina (Stenzel), which is 
close to dutexata (see below). Among Moodys Branch 
species, creo/a is most similar to P. arenicola (Conrad) 
and P. alveata (Conrad). 

P. creola is most common at its type locality, the 
now inaccessible outcrop at Montgomery Landing, but 
it was apparently not even very abundant there. Mr. 
James Allen of Alexandria, Louisiana kindly made 
available to me his collection of turritellids from Mont- 
gomery. It was, he says, accumulated in approximately 
50 collecting trips, but includes only approximately 40 
specimens of P. creola. 


Palmerella dumblei (Harris, 1895a) 
Plate 6, Figures 4-6 


Turritella dumblei Harris, 1895a, p.81, pl.9, f.7; Kennedy, 1895, 
p.123,124,127-29; Palmer, 1937, p.202 in part, pl.26, f.11,15, 
not f.10 [= T. sp., fide Palmer and Brann, 1966, p.985]; Bowles, 
1939, p.303, pl.32, f.9,19; Stenzel and Turner, 1942, card 59; 
Palmer and Brann, 1966, p.985. 


Description. —Shell small to medium sized, of 15 to 
20 whorls. Maximum observed whorl diameter 9.7 
mm. Apical angle 17°; apical and pleural angles ap- 
proximately equal. Sutures only slightly incised. Pro- 
toconch of approximately 1.75 smooth, rounded 
whorls; P1 small. Apical sculpture formula C, B, Aj. 
Primary spirals B and C appearing abruptly and at 
equal strength in middle and lower 4 of whorl, re- 
spectively. Primary A slightly weaker, appearing with- 
in 0.75 whorl. Lateral whorl profile straight-sided on 
early whorls, straight-sided to slightly concave on later 
whorls with whorl base expanding to form a rounded 
basal carina. Primary spirals relatively reduced on late 
whorls, combining with secondaries to cover whorl 
with numerous evenly spaced, fine, subequal spirals. 
Whorl profile of late whorls slightly concave with a 
rounded basal carina separated from lower suture by 
narrow, slightly concave area marked by two to three 
minor spirals. Lateral aspect of growth line trace or- 
thocline to slightly prosocline with upper and lower 
inflection points. Lateral sinus relatively shallow with 
apex at around whorl middle. Spiral and basal sinuses 
relatively shallow. 

Measurements. —See Table 16. 
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Table 16.—Measurements of Palmerella dumblei (Harris). Ab- 
breviations as in Table 10. 


MD MH WN 
TMM/TBEG 35661 holotype 8.2 27.3 8.5 
TMM/TBEG 35662 paratype 9.65 32.75 10.0 
TMM/TBEG 35663 paratype Hes 25.8 13.0 
TMM/TBEG 35663 paratype 6.0 23.0 SESS 
TMM/TBEG 35665 paratype 5:25) 13.6 5.5 
USNM 498003 7.5 26.5 12.5 


USNM 498003 8.0 16.5 3.5 


Stratigraphic and Geographic Distribution.—TX: 
Stone City Beds, Cook Mountain Formation (Whee- 
lock Member); middle Claibornian Stage, Middle Eo- 
cene. 

Type Locality. —‘‘Moseley’s Ferry’’, Stone City Bluff, 
Brazos River, Burleson County, Texas (TX-BU-1). 

Other Localities. TX-AT-2 (B), TX-AT-3 (B), TX- 
BR-1 (B), TX-RO-11 (B), TX-SA-2d (US). 

Type Material.—holotype of 7. dumblei Harris 
TMM/TBEG 35661, paratypes TMM/TBEG 35662, 
35663 (2 specimens), 35664, 35665. 

Remarks/Discussion. —Its apical sculpture places P. 
dumblei in the genus Palmerella. Its basally convex 
whorl profile suggests a closer relationship to P. clev- 
elandia (Harris) than to the more evenly rounded-con- 
vex forms such as P. femina (Stenzel) and P. creola 
(Palmer). 


Palmerella dutexata (Harris, 1895a) 
Plate 3, Figures 10-12 

Turritella dutexata Harris, 1895a, p.82, pl.9, f.8; Palmer, 1937, p.198, 
in part, pl.26, f.1,2,4,8,9; in Harris and Palmer, 1947, p.287; not 
Bowles, 1939, p.285, pl.31, f.2 [= P. femina (Stenzel)]; Stenzel and 
Turner, 1942, card 60; Brann and Kent, 1960, p.910, in part, Nos. 
2910,2911 only, fide Palmer and Brann, 1966; Palmer and Brann, 
1966, p.986. 

Turritella cf. dutexata Harris. Palmer and Brann, 1966, p.986. 


Description. —Shell small to medium sized, of 10 to 
15 whorls. Maximum observed whorl diameter 8.0 
mm. Apical angle 21°; apical and pleural angles ap- 
proximately equal. Sutures only slightly incised. Pro- 
toconch erect, homeostrophic, turbinate, of approxi- 
mately 1.5 smooth, rounded whorls; P1 small. Apical 
sculpture formula C, B, A;. Primary spirals B and C 
appearing as broad prominence on lower '2 of whorl, 
quickly diverging and becoming equally prominent. 
Primary A appearing within two to three whorls but 
remaining faint throughout ontogeny. D spiral com- 
monly weakly developed on later whorls but other spi- 
rals usually absent. Whorl profile above B concave; all 
teleoconch whorls bicarinate in aspect. Lateral aspect 
of growth line trace prosocline with upper and lower 
inflection points and relatively shallow lateral sinus; 
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Table 17.—Measurements of Palmerella dutexata (Harris). Ab- 
breviations as in Table 10. 


MD MH WN 
PRI 2912 9.5 26.1 6.5 
PRI 2913 6.9 12.0 6.5 


apex above whorl middle. Basal sinus not visible on 
specimens examined. 

Measurements. —See Table 17. 

Stratigraphic and Geographic Distribution. — 
TX,LA,MS: Cook Mountain Formation; AL: Upper 
Lisbon Formation, Gosport Sand ?; upper Claibornian 
Stage, Middle Eocene. 

Type Locality. —Elm Creek, Lee County, Texas (TX- 
LE-11). 

Other Localities. —TX-RO-12 (B), TX-AN-2 (B), 
TX-AN-3 (B), MS-CL-1 (B), MS-CL-2 (B), MS-CL-5 
(B), MS-CL-16 (B), MS-CL-17 (B), MS-NE-10 (B), MS- 
NE-11 (B), MS-NE-1 (B), MS-NE-2 ? (P), LA-BI-1 (B), 
LA-BI-2 (B), LA-BI-3 (B), LA-CB-1 (B), LA-JA-2 (ST), 
LA-WI-1 (B), LA-WI-2 (B), AL-MO-1a ? (P), AL-CL- 
14 (MCZ). 

Type Material.—holotype of T. dutexata Harris 
TMM/TBEG 1974 lost (fide Erickson, 1982). 

Remarks/Discussion. —See under P. femina, below. 


Palmerella femina 
(Stenzel in Renick and Stenzel, 1931) 
Plate 3, Figures 3-6 


Turritella femina Stenzel in Renick and Stenzel, 1931, p.87,89,107 
[reference only], pl.6, f.14; Plummer, 1933, p.644,647,815; Palm- 
er, 1937, p.203, pl.26, f.5, copy Stenzel, 1931; Palmer im Harris 
and Palmer, 1947, p.286; Stenzel and Turner, 1940, p.830, pl.46, 
f.11-13; 1942, card 64; Palmer and Brann, 1966, p.987. 

Turritella dutexata Harris. Bowles, 1939, p.285, pl.31, f.2; not T. 
dutexata Harris, 1895a, p.82. 

Turritella femina oligoploka Stenzel in Stenzel and Turner, 1940, p. 
832, pl.46, f.7—10; Stenzel and Turner, 1942, card 88; Palmer and 
Brann, 1966, p.987. 


Description. —Shell medium sized, of 15 to 20 whorls. 
Maximum observed diameter 12.0 mm. Apical angle 
22°; apical and pleural angles approximately equal. Su- 
tures moderately incised. Protoconch erect, homeos- 
trophic, turbinate, of approximately 1.75 smooth, 
rounded whorls; Pl small. Apical sculpture formula 
C, B, A,. Primary spirals B and C appearing approx- 
imately simultaneously just above and just below whorl 
middle, respectively, moving within 1.0 whorl to about 
middle and lower '3 of whorl, respectively. Primary A 
appearing within 0.5 whorl of beginning of B and C, 
equalling C in strength within one to two whorls. Pn- 
mary spirals commonly bearing beading or minor scal- 
loping on early teleoconch whorls. Secondaries ap- 


Table 18.— Measurements of Pa/merella femina (Stenzel). Abbre- 
viations as in Table 10. 


MD MH WN 
TMM/TBEG 20965 holotype 10.0 23.0 URS) 
TMM/TBEG paratype 9.0 29.0 10.0 
TMM/TBEG paratype 12.0 36.0 525 
USNM 139021 LIES Pees) 5.0 


pearing above and below A on later whorls, where A 
is weaker than B and C. Upper '2 of whorl thus covered 
by numerous, approximately equally spaced spirals of 
moderate strength, lower '2 dominated by two pri- 
maries lacking associated weaker spirals. Profile of late 
whorls rounded and evenly convex. Lateral growth line 
trace prosocline with upper and lower inflection points 
and relatively shallow lateral sinus; apex around whorl 
middle. Spiral and basal sinuses very shallow. 

Measurements. —See Table 18. 

Stratigraphic and Geographic Distribution.—TX: 
Weches Formation, (Viesca Member); AL, GA: Bashi 
Formation; upper Sabinian Stage, middle Claibornian 
Stage, Upper Paleocene— Middle Eocene. 

Type Locality.—Cobb Branch, Robertson County, 
Texas (TX-RO-6). 

Other Localities. —TX-RO-12 (US), TX-LO-12 (ST), 
TX-LO-13 (RS), AL-CO-1 (MCZ), GA-RA-3 (MCZ). 

Type Material.—holotype of 7. femina Stenzel 
TMM/TBEG 20965, numerous unnumbered para- 
types TMM/TBEG; syntypes of 7. femina oligoploka 
TMM/TBEG 20969, 20970, 20971, 20972. 

Remarks/Discussion. —In their extreme morpholog- 
ical variants, P. femina and P. dutexata (Harris) are 
quite distinct. On its largest whorls dutexata has fewer 
prominent spirals, and the lower half of the whorl is 
dominated by only two; the upper half bears only a 
few relatively weak lines, and is markedly concave in 
profile. Although they also show two prominent spiral 
ribs on the lower half of the whorl, the adult whorls 
of femina characteristically bear numerous additional 
spirals of equal to slightly lesser strength, and the entire 
whorl is convex and slightly inflated in profile. There 
appear to be intermediates between these two ex- 
tremes, however, represented in part by the subspecies 


femina oligoploka Stenzel and Turner, which has fewer 


spiral ribs on the upper half of later whorls and a less 
inflated profile than femina s.s. Stenzel and Turner 
noted that femina s.s. and f. oligoploka “‘are end mem- 
bers of a series” of transitional forms. Both taxa have 
been recognized only in the Weches Formation of Tex- 
as, but from adjoining counties. This morphological 
series, however, can be extended upward to forms usu- 
ally identified as Turritella dutexata Harris from the 


Nn 
to 


Wheelock Member of the Cook Mountain Formation. 
Many of these specimens show the reduction in spiral 
ribbing described in femina oligoploka, and a less in- 
flated whorl profile. Specimens from the upper Cook 
Mountain and Upper Lisbon Formations tend to show 
the extreme reduction of sculpture on the upper whorl 
and the characteristic concave profile. As noted by 
Stenzel and Turner, dutexata does not occur with either 
femina or f. oligoploka, strengthening an hypothesis of 
evolutionary transition from one to the other. 

Below the Weches, the femina lineage also appears 
to be recognizable in specimens I have collected from 
the upper Sabinian Bashi Formation in eastern Ala- 
bama and western Georgia. Although apices are not 
preserved, these specimens clearly show the distinctive 
double carina on the lower half of the whorl, and have 
rounded concave whorl! profiles, and thus are clearly 
distinguishable from the only other turritellid so far 
reported from the Bashi, Haustator gilberti (Bowles). 
Recognition of these specimens as belonging to P. fem- 
ina helps to fill an important temporal gap in the his- 
tory of Palmerella in the Coastal Plain Paleogene, and 
shows that at least two lineages survived the apparent 
crisis for turritellids that seems to have occurred near 
the end of the period of deposition of the Tuscahoma 
Formation, when all of the large, characteristic Sabi- 
nian turritellid species disappeared. 

A Sabinian representative of the lineage leading to 
femina also may make the search for Paleocene Coastal 
Plain ancestors more fruitful. The only form currently 
recognized that may fill this role is ‘‘Turritella” ola 
Plummer from the Lower Paleocene Clayton Forma- 
tion of Texas. This species shows two strong carinae 
on the lower half of the whorl, and a rounded, convex 
whorl profile. Unfortunately, it is known from only a 
single specimen from a locality that seems to have 
disappeared. 

The only feature that calls into doubt the relationship 
of Palmerella femina to other Coastal Plain turritellid 
species is the form of its basal growth line trace, which 
shows a very shallow sinus. The basal sinus of P. du- 
texata (Harris) is unfortunately not visible on any of 
the specimens I have examined. The basal sinus on the 
closely related form P. /ishonensis (Bowles), as well as 
that of P. pleboides (Vaughan), however, are similarly 
shallow. Whether this is sufficient to separate these 
forms at a high level from other upper Claiborne and 
Jackson species (e.g., P. creola (Palmer), P. apita (de 
Gregorio), etc.), which have deeper basal sinuses, is 
not clear. Some indication that it is not is provided by 
the basal sinus of Haustator perdita (Conrad), which 
varies from nearly as shallow to nearly as deep as the 
extremes shown by these other species. 
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The evolutionary relationships among Palmerella 


femina (Stenzel), P. dutexata (Harris) and P. lisbonen- 


sis (Bowles) are uncertain. The very shallow to almost 
straight basal sinus of P. femina may call into question 
its relationship to any other Coastal Plain species. It 
is, however, very similar in its sculpture to dutexata 
and /isbonensis, all three species having pronounced B 
and C spirals and relatively reduced A spirals through- 
out ontogeny. It therefore seems likely that dutexata 
is the direct phyletic descendant of femina, with /is- 
bonensis branching off from this lineage. 


Palmerella hilli (Gardner, 1935) 
Plate 11, Figure 8 


Turritella levicunea Harris. Plummer, 1933, p.815, pl.10, f.4,4a; not 
T. mortoni levicunea_ Harris, 1896. 

Turritella hilli Gardner, 1935, p.292, pl.25, f.4-6; Bowles, 1939, 
p.301; Stenzel and Turner, 1942, card 68; Palmer and Brann, 
1966, p.989. 


Description. —Shell medium sized, of perhaps 15 to 
20 whorls. Maximum observed whorl diameter 14.0 
mm. Apical angle 20°; pleural angle usually slightly 
greater than apical angle. Protoconch and early apical 
whorls unknown. Smallest whorls examined showing 
three spirals of approximately equal strength, spaced 
equally over the whorl and separated by single smaller 
spirals. All these spirals becoming reduced in strength 
on following whorls except lowermost, which increases 
in strength and forms sharp, flaring basal carina. Ad- 
ditional, anterior rib expanding to equal this spiral, 
thickening and rounding the carina on last 4—5 whorls. 
Area between this spiral and the suture on latest whorls 
becoming slightly convex. Profile of early whorls more 
or less straight, of later whorls markedly concave as 
the carina increases in strength. Spirals finely beaded 
by the intersection of the growth lines with the fine 
spiral ribs. Lateral aspect of growth line trace orthoc- 
line, with upper and lower inflection points and a deep 
sinus with apex above whorl midpoint. Antispiral and 
basal sinuses moderately deep. 

Measurements. —See Table 19. 

Stratigraphic and Geographic Distribution.—TX: 


Table 19.—Measurements of Palmerella hilli (Gardner). Abbre- 
viations as in Table 10. 


MD MH WN 
USNM 337054 holotype 13.0 35.9 8.5 
USNM 12112 13:9 27.2 3.5 
USNM 12112 13.4 25.8 385 
USNM 12112 eZ 31.5 9.0 
USNM 12112 12.4 34.9 7.0 
USNM 12112 IES 31c1 8.5 
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Kincaid Formation; lower Midwayan Stage, Lower Pa- 
leocene. 

Type Locality. —approx. 1 km above mouth of Dry 
Creek, Colorado River, Bastrop County, Texas (TX- 
BA-2b). 

Other Localities. —TX-BA-lc (B), TX-BA-15 (B). 

Type Material. —holotype and 2 paratypes of 7. hilli 
Gardner USNM 337054. 

Remarks/Discussion. — Without giving the size of the 
whorls, Gardner (1935) states that ““Early apical whorls 
sculptured with 2 strong simple spirals on the anterior 
half of the whorls, another of almost equal strength a 
little behind the middle and except on the very earliest 
whorls, a finer spiral directly in front of the posterior 
suture.’ Although the apical sculpture is unknown, the 
sculpture described by Gardner on the earliest known 
whorls is consistent with a formula of C,; B, A, such 
as shown by P. mortoni (Conrad). The adult whorl 
profile and sculpture of P. i/li are also similar to that 
of P. mortoni, although hilli is substantially smaller. 
Govoni (1983) and Govoni and Hansen (in press) state 
that an undescribed form (“‘premortoni,” P. mortoni 
ssp. herein, see p.64), which they describe from the 
Brightseat Formation of Maryland (apparently equiv- 
alent to part of the Kincaid Formation in Texas), is 
very similar to P. hi/li. They note that the Brightseat 
form “differs from [hi//i] in details of relative strength 
and position of the primary spirals in the juvenile whorls 
and in having a more rounded and slightly less prom- 
inent basal carina.” 


Palmerella levicunea (Harris, 1896) 
Plate 11, Figure 4 


Turritella mortoni var. levicunea Harris, 1896, p.110, pl.11, f.9; 
Brann and Kent, 1960, p.928; not 7. /evicunea Plummer, 1933, 
p.815, pl.10, f.4,4a [= Palmerella hilli (Gardner)]; not T. mortoni 
Conrad, 1830. 

Turritella levicunea Harris. Bowles, 1939, p.301; Stenzel and Turner, 
1942, card 74, f.1,9; Palmerand Brann, 1966, p.992-3; Toulmin, 
1977, p.174, pl.8, f.9. 


Description. —Shell medium sized to large, of per- 
haps 10 to 15 whorls. Maximum observed whorl di- 
ameter 38.0 mm. Apical angle 22°; pleural angle 30°. 
Sutures generally inconspicuous. Protoconch and ear- 
liest teleoconch whorls unknown. Sculpture on earliest 
known whorls consisting of three moderately promi- 
nent spirals, one in approximately the middle of upper 
’; of whorl, one in middle of lower 4, and one very 
close to lower suture. Upper and middle spirals sep- 
arated from each other by at least two finer spirals; 
upper spiral from suture and middle from lower by 
only one. Upper two spirals decreasing in strength on 
succeeding whorls as additional intercalary spirals ap- 


Table 20.—Measurements of Pa/merella levicunea (Harris). Ab- 
breviations as in Table 10. 


MD MH WN 
PRI 43 holotype 18.0 36.0 7.5 
USNM 15145 27.6 60.1 7.0 
MCZIP 29277 20.0 37.6 8.5 


pear, sculpture of later whorls consisting of numerous, 
more or less evenly spaced, very fine spirals. Lower- 
most spiral expanding to form edge of sharp basal ca- 
rina, in earlier whorls just above suture but in later 
whorls separated from suture by narrow, slightly con- 
cave to straight-sided area. Lateral aspect of growth 
line trace prosocline with indistinct upper and lower 
inflection points and moderately deep sinus whose apex 
1s just above whorl middle. Antispiral and basal sinuses 
relatively shallow. 

Measurements. —See Table 20. 

Stratigraphic and Geographic Distribution. —AL: 
Clayton Formation, Porters Creek Formation (Mat- 
thews Landing Member), Naheola Formation; Mid- 
wayan Stage, Lower Paleocene. 

Type Locality. — Dale Branch, near Oak Hill, Wilcox 
County, Alabama (AL-WI-1 2). 

Other Localities. —AL-WI-9 (B), AL-WI-13 (MCZ), 
AL-WI-53 (T), AL-WI-54 (T), AL-WI-59 (ST). 

Type Material. —holotype of T. levicunea Harris PRI 
43. 

Remarks/Discussion. —This species 1s very rare, the 
USNM collections containing only 14 specimens, and 
my own collections only a single specimen from Mat- 
thews Landing (MCZIP 29277). The species is, how- 
ever, highly distinctive in its earlier whorls for its 
smooth shell surface and large apical and pleural an- 
gles. In later ontogenetic stages as space begins to open 
up between the carina and the lower suture, it begins 
to resemble Palmerella mortoni (Conrad) more closely. 
In the absence of more knowledge of the apical sculp- 
ture, it is assigned only tentatively to Pa/merella; the 
basal carina of this species could ally it to either Pal- 
merella or Haustator. 


Palmerella lisbonensis (Bowles, 1939) 
Plate 3, Figures 1,2 


Turritella nasuta Gabb. Palmer, 1937, p.200, in part, pl.25, f.3,9; 
Brann and Kent, 1960, p.928, in part, Nos. 2901, 2905, fide Palmer 
and Brann, 1966, p.993; not Gabb, 1860, p.385. 

Turritella lisbonensis Bowles, 1939, p.287, pl.31, f.1,3; Palmer and 
Brann, 1966, p.993; Toulmin, 1977, p.303, pl.51, f.7. 

Turritella dutexata lisbonensis Bowles. Stenzel and Turner, 1942, 
card 75. 
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Table 21.—Measurements of Palmerella lisbonensis (Bowles). Ab- 
breviations as in Table 10. 


MD MH WN 
USNM 498009 holotype 8.5 39.5 13.5 


Description. —Shell medium sized to large, of prob- 
ably 20 to 25 whorls. Maximum observed whorl di- 
ameter 14.2 mm. Apical angle 19°; pleural angle 7°. 
Protoconch and earliest teleoconch whorls unknown. 
Earliest whorls examined (dia. = 2.5 mm) bear four 
spiral ribs, two very prominent of approximately equal 
strength on lower half, two very weak of approximately 
equal strength on upper '3. Additional weaker spirals 
appearing above, between and below the two lower 
primaries, which decrease in strength until whorl is 
covered by numerous, subequal spirals, approximately 
equally spaced. Whorl profile changing from basally 
bicarinate to slightly convex, with maximum width 
below whorl middle. Area between lowest strong spiral 
and lower suture remaining slightly concave. Sutures 
moderately incised. Lateral aspect of growth line trace 
prosocline, with weak upper and lower inflection points. 
Antispiral and basal sinuses shallow. 

Measurements. —See Table 21. 

Stratigraphic and Geographic Distribution. —AL: 
Lisbon Formation; GA, SC: McBean Formation’, Lis- 
bon Formation; TX, MS: Cook Mountain Formation; 
middle—upper Claibornian Stage, Middle Eocene. 

Type Locality.—approx. 1.5 km south of Lisbon 
Landing, Alabama River, Monroe County, Alabama 
(AL-MO-4d). 

Other Localities. —AL-CL-14(MCZ), AL-CL-16 (B), 
AL-CN-1 (B), AL-MO-1b (MCZ), MS-CL-1 (B), MS- 
CL-2 (B), MS-CL-7 (B), MS-CL-16 (B), MS-CL-17 (B), 
MS-CL-18 (B), MS-CL-19 (B), MS-NE-1 (B), MS-NE- 
10 (B), SC-AI-1 (B), SC-LE-1 (B), SC-LE-2 (B), SC- 
OR-5 (B), SC-OR-6 (B), SC-OR-7 (B), SC-OR-10 (B), 
SC-OR-11 (B), GA-BU-3 (B), GA-BU-7 (B). 

Type Material.—holotype of T. lisbonensis Bowles 
USNM 498009, paratype USNM 497952. 

Remarks/Discussion. — As noted by Erickson (1982), 
Bowles states that /ishonensis is ‘‘confined to the Clai- 
borne of the eastern Gulf region,” but then gives sev- 
eral Texas localities for its occurrence, apparently re- 
ferring to specimens referred to Palmerella dutexata 
(Harris). This confusion highlights the similarity of 
lisbonensis to P. femina (Stenzel) and P. dutexata (Har- 
ris) which, as discussed above (p.57), are probably 


° See Footnote 3, p.46. 


themselves ends of an intergrading series. Palmerella 
lisbonensis shares with these forms the prominence of 
a pair of carinae on the lower portion of early as well 
as late whorls, but it is distinct in attaining a greater 
size and much more elongate overall shape. In early 
whorls it shows a relatively high apical angle, similar 
to femina, but soon changes to a more columnar, cy- 
lindrical form. 

On the basis of these morphological and stratigraph- 
ic relationships, it seems reasonable to suggest that P. 
dutexata (Harris) of the Cook Mountain, Upper Lisbon 
and Gosport Formations is a direct phyletic descen- 
dant of P. femina (Stenzel) from the Weches Forma- 
tion, and that P. lishonensis is a product of a clado- 
genetic event from this lineage, probably during de- 
position of the Cook Mountain/Upper Lisbon for- 
mations. As mentioned above, /isbonensis may have 
been close to the ancestry of P. apita (de Gregorio) 
from the Gosport and P. arenicola (Conrad) from the 
Moodys Branch. 


Palmerella mortoni mortoni 
(Conrad, 1830) 
Plate 1, Figures 4-6, 
Plate 2, Figures 6-8 


Turritella mortoni Conrad, 1830, p.213-215, 221, pl.10, f.2; 1834, 
p.4 in part; 1835a, p.40 in part, not pl.15, f.11 [= Haustator 
carinata (I.Lea)]; 1846, p.219; 1865a, p.32; 1866, p.11; Tuomey, 
1858, p.267, not p.270-272; not Aldrich, !886a, p.9,13,46,55,58- 
60 [= Palmerella mortoni postmortoni Harris]; not Smith and 
Johnson, 1887, p.59 in part [= Pa/merella alabamiensis Whitfield]; 
de Gregorio, 1890, p.122 in part, pl.11, f.7, copy Conrad, 1830, 
not pl.11, f£.3-6,9 [= Haustator carinata (I.Lea)]; Cossmann, 1893, 
p.29; Harris, 1894a, p.302-304, f.3; 1896, p.110; not 1899a, p.74, 
pl.10, £.3,4 [= P. m. postmortoni]; not 1899b, p.299,308, pl.52, 
f.9 [=Turritella sp., fide Palmer and Brann, 1966, p.994], pl.55, 
f.4 [= P. m. postmortoni], Clark, 1895, p.4; 1896, p.69, pl.13, f.la- 
e; Clark and Martin, 1901, p.147, pl.26, f.1-4; not Veatch, 1906, 
pl.14, f.5,5a [= P. m. postmortoni); Clark and Miller, 1912, p.92- 
100, 102,119,120; Guillaume, 1924, p.289,290; 1926, p.426; not 
Cooke, 1926, p.259,261,264, pl.94, f.2; not Semmes, 1929, f.59- 
2 [= P. m. postmortoni]; Palmer, 1937, p.195, pl.23, f.6,11, pl.24, 
f.14 [not 13 as in text]; Bowles, 1939, p.293, pl.33, f.14; Stenzel 
and Turner, 1942, card 83; Shimer and Shrock, 1944, p.493, pl.201, 
f.14-17, copy Clark and Martin, 1901; Brann and Kent, 1960, 
p.927 in part, nos. 2880,2883,2892,3904 only, fide Palmer and 
Brann, 1966, p.995; Vokes, 1961, p.49, pl.10, f.1; Palmer and 
Brann, 1966, p.994—-5. 

Turritella mortoni mediavia Bowles, 1939 in part, p.294, pl.33, f.3; 
not f.5. 


Description. —Shell large to very large, of 20 to 25 
whorls. Maximum observed whorl diameter 40 mm. 
Apical angle 22°; apical and pleural angles approxi- 
mately equal. Sutures moderately deeply incised. Pro- 
toconch erect, homeostrophic, turbinate, of approxi- 
mately 1.7-2.0 smooth, rounded whorls; P1 small. 
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Apical sculpture formula C, B, A;. Primary spirals C 
and B appearing approximately simultaneously as 
broad, slightly angular prominence just below middle 
of whorl, and quickly diverging and becoming more 
acute, B becoming stronger than C. Primary A ap- 
pearing within 0.5—0.75 whorl, remaining weaker than 
C for one to two whorls after which it is of approxi- 
mately equal strength. Secondaries and finer spirals 
beginning at about whorls 8-10. Primary B and one or 
more secondaries remaining prominent on upper slope 
of carina, but more adapical spirals becoming obsolete. 
Whorl profile changing shortly after appearance of nu- 
merous secondary spirals, from medially to basally car- 
inate, C becoming relatively more prominent and low- 
er 4 of whorl expanding outward. Area between C 
spiral and suture expanding and changing from rela- 
tively straight-sided to variably convex in profile. Whorl 
profile above carina becoming increasingly concave. 
Lateral aspect of growth line trace prosocline, with 
pronounced upper and lower inflection points and rel- 
atively deep sinus whose apex just above whorl middle. 
Lower inflection point usually high on lower part of 
whorl, causing spiral sinus to be relatively narrow and 
basal sinus relatively wide although both moderately 
deep. 

Measurements. —See Table 22. 

Stratigraphic and Geographic Distribution. —MD, 
VA: Aquia Formation (Piscataway and Paspotanza 
Members); SC: Black Mingo Group, Williamsburg 
Formation; Upper Paleocene. 

Type Locality. —probably Piscataway Creek, Prince 
Georges County, Maryland (MD-PG-5). 

Other Localities. —-MD-AA-5 (B), MD-CH-7 (B), 
MD-PG-3(B), MD-PG-10 (B), VA-ST-4 (B), VA-ST-5 
(B), VA-ST-6 (B), VA-ST-7 (B), VA-HA-2 (MCZ), SC- 
SU-2 (B), SC-BE-3 (VC), SC-CL-2 (B). 

Type Material.—holotype? and 2 paratypes of T. 
mortoni Conrad ANSP 15508. 

Remarks/Discussion. —**Turritella mortoni Con- 
rad”’ and its close relatives are of special importance 
in both the evolutionary history of their clade in the 
Coastal Plain Paleogene, and the history of its study 


Table 22.—Measurements of Pa/merella mortoni mortoni (Con- 
rad). Abbreviations as in Table 10. 


MD MH WN 
ANSP 15508 holotype ? 23:5 59.9 9.5 
ANSP 15508 paratype 2257 50.6 8.5 
USNM 497990 26.5 98.0 14.0 
MCZIP 29307 31.0 110.0 IAS} 
MCZIP 29099 37.9 104.5 9'5 


over more than a century anda half. Turritella mortoni 
was one of the first species to be described from the 
“Eocene” of North America (Conrad, 1830), and since 
that time it has been a commonly used index fossils 
(e.g., Shimer and Shrock, 1944; Toulmin, 1977), and 
is one of the most characteristic and widely recognized 
macrofossil taxa of the lower Tertiary. The systematic 
status of “* 7. mortoni”’, however, has remained poorly 
understood. Many of the numerous references to it in 
the literature, as Bowles (1939) has noted, refer to other 
species, and the name “7. mortoni” has commonly 
been used “‘more in the sense of the group of basally 
carinate Paleocene and Lower Eocene turritellas than 
as a distinct specific entity” (1939, p. 293). 

Four very similar named forms comprise what can 
be called ‘*Turritella mortoni sensu lato.”’ These are 7. 
mortoni s.s. Conrad, 1830 from the Sabinian-aged 
Aquia Formation of Maryland and Virginia and Sa- 
binian-aged Williamsburg Formation (Black Mingo 
Group) of South Carolina; 7. postmortoni Harris, 1894a 
from the Sabinian-aged Nanafalia and Tuscahoma 
Formations (Wilcox Group) of the Gulf Coastal Plain; 
T. mediavia Bowles, 1939 from the Midwayan-aged 
Clayton Formation of the Gulf Coastal Plain; and T. 
“premortoni” (Govoni, 1983; Govoni and Hansen, in 
press) from the Midwayan-aged Brightseat Formation 
of Maryland. (As discussed above, 7. hil/li Gardner 
from the Midwayan-aged Kincaid Formation of Texas 
may be very close to 7. “* premortoni” and may rep- 
resent a fifth member of this group.) (See Text-figure 
15 for stratigraphic relationships.) All four of these taxa 
share the following features: 1) a moderate and round- 
ed to pronounced and sharp-edged carina, in which 
the C spiral is most prominent, 2) moderate apical 
angles, approximately equal to pleural angles, 3) me- 
dium to large size. 

Morphologic relationships among these forms have 
usually been approached only in very general and qual- 
itative terms. Clark and Martin (1901, p.147) note 
that*S 7. mortoni’”’ from Maryland and Virginia “‘shows 
very great variation in the form and decoration of the 
whorls, and if it were not for the great number of in- 
termediate types one might readily establish several 
independent species.” Andrews (1971, 1974) has at- 
tempted a preliminary morphometric analysis of this 
variation, but uses only 37 specimens and does not 
make reference to taxa from elsewhere on the Coastal 
Plain. He is thus unable to draw any systematic con- 
clusions. 

I have attempted to resolve the morphological re- 
lationships among at least some of these forms by mul- 
tivariate morphometric analysis. Details of the meth- 
ods and specimens used are presented in Appendix 1. 
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Table 23.—Results of factor analysis of specimens of the Recent 
species Turritella terebra (Linnaeus). Variance explained by first five 
factor axes. 


cumulative proportion 
Factor of variance 


0.4018 
0.5645 
0.6396 
0.7077 
0.7553 


nA bhWN — 


For mortoni and its close allies, I have subjected large 
samples of specimens from Virginia and Maryland 
(mortoni s.s.) and Alabama (usually assigned to post- 
mortoni Harris) to factor analysis. These results can 
be compared to a similar analysis of a Recent species, 
the type species of the genus Turritella Lamarck, Tur- 
ritella terebra (Linné). 

Text-figure 17 shows the results for 7. terebra. A 
total of 78 variables on each of 86 specimens were 
analyzed. The first three factors together explain al- 
most 64% of the total variance (Table 23). In the factor 


Table 24.—Results of factor analysis of specimens of the Recent species Turritella terebra (Linnaeus). Rotated factor loadings of each variable 
on each of the first three factor axes. Variables as indicated in Text-figure 3. 


Variable factor 1 factor 2 factor 3 
WHI —0.438 0.143 —0.090 
SsWwl —0.440 0.142 —0.108 
Wwwl —0.439 0.142 —0.108 
IN1 —0.439 0.141 =0:113 
WH2 —0.649 0.057 —0.060 
SW2 —0.646 0.059 —0.042 
Ww2 —0.650 0.059 —0.049 
IN2 —0.639 0.049 —0.051 
WH3 —0.818 —0.099 0.128 
SW3 —0.810 —0.095 0.138 
Www3 —0.806 —0.101 0.120 
IN3 —0.783 —0.096 0.126 
WH4 —0.830 —0.270 0.196 
SWw4 —0.818 —0:261 0.220 
Www4 —0.806 —0.268 0.194 
IN4 —0.746 —0.189 0.242 
WHS5 —0.607 —0.514 0.363 
SW5 —0.540 —0.520 0.367 
Wwws —0.530 —0.521 0.338 
INS —0.538 —0.400 0.352 
WH6 —0.298 —0.613 0.564 
SW6 —0.190 —Or612: 0.577 
WW6 O73. —0.611 0.519 
IN6 —0.261 —0.452 0.510 
WH7 —0.223 —0.650 0.590 
SW7 —0.156 —0.634 0.603 
WW7 —0.079 —0.621 0.495 
IN7 —0.192 —0.314 0.496 
WH8 —0.160 —0.296 0.863 
Sws —0.070 —0.269 0.873 
Wwws —0.009 —0.260 0.761 
IN8& —0.164 — O15 0.607 
WH9 —0.012 —0:221 0.876 
SWw9 0.052 —0.197 0.884 
Ww9 0.133 —0.145 0.737 
IN9 —0.075 —0.043 0.578 
WHI10 0.032 —0.065 0.911 
SW10 0.074 —0.053 0.916 
Wwlo 0.158 —0.014 0.767 
IN1O —0.058 0.044 0.571 
WHI11 —0.103 0.116 0.252 


SWll 0.346 0.094 0.619 


Variable factor 1 factor 2 factor 3 
WwWil 0.419 0.125 0.462 
IN11 0.275 0.032 0.448 
WH12 0.668 0.083 0.252 
SW12 0.692 0.058 0.250 
WwW12 0.704 0.103 0.212 
IN12 0.499 0.084 0.205 
WH13 0.782 0.246 0.009 
SW13 0.786 0.210 0.016 
Wwi3 0.786 0.241 0.011 
IN13 0.721 0.249 0.023 
WH14 0.829 0.327 —0.143 
SW14 0.828 0.297 =02135 
Wwil4 0.829 0.326 —On129 
IN14 0.822 0.340 —0.111 
WHI15 0.795 0.393 =0.195 
SW15 0.796 0.363 —0.185 
WwWis 0.795 0.388 —0.185 
IN15 0.780 0.404 —0.163 
WH16 0.716 0.463 = (09272 
SW16 (03722 0.432 —0.262 
WWI16 0.722 0.453 —0.263 
IN16 0.617 0.429 —0.229 
WH17 0.479 0.612 —0.354 
SW17 0.482 0.584 —0.376 
WwWI17 0.483 0.600 —0.363 
IN17 0.427 0.660 —0.345 
WH18 0.249 0.714 —0.430 
SW18 0.253 0.685 —0.451 
Wwis 0.249 0.717 —0.429 
IN18 0.217 0.794 —0.325 
WH19 0.073 0.869 —0.007 
SW19 0.077 0.852 —0.016 
WwW19 0.074 0.868 —0.003 
IN19 0.066 0.894 0.042 
WH20 0.015 0.807 0.138 
SW20 0.015 0.807 0.137 
WW20 0.016 0.808 0.140 
WH 
SW 
WW 
IN 
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1—factor 2 plot (Text-fig. 17A), most (84%) of the 
specimens analyzed cluster around the factor | axis. 
The 14 specimens that do not do so fall along a neg- 
atively sloping line in the first quadrant, scoring high 
on factor 2. Ten of these 14 specimens also fall away 
from the rest in the factor 2—factor 3 plot (Text-fig. 
17B), scoring negatively on factor 3. The loadings in 
the varimax-rotated factor matrix (Table 24) suggest 
that these 14 specimens differ primarily in the later 
whorls (17-20). 

These 14 specimens are not randomly drawn from 
all samples analyzed; 11 of the 14 come from two 
specimen lots from the Philippines (TEREBR1, 
TEREBR18; Appendix 1), suggesting the possibility 
that the variability noted here may represent differ- 
entiation at the population level. This possibility is 
supported by the distribution of 7. terebra in the west- 
ern Pacific. It is found today in considerable numbers 
in Taiwan (Kuroda, 1941), the south-central coast of 
the Chinese mainland (Chin, 1941; Chung, 1981), Hong 
Kong (Wu and Richards, 1981), the Philippines (Faus- 
tino, 1928), New Guinea (Hinton, 1972), Java (Rob- 
erts et a/l., 1982) and northern Australia (Garrard, 1972: 
Wilson, 1993). This range is larger than that of most 
Recent turritellid species, raising the possibility that 
T. terebra may include a number of diverging popu- 
lations. 

Text-figure 18 shows the results for mortoni/post- 
mortoni. A total of 90 variables on each of 354 spec- 
imens were analyzed. The first three factors together 
explain 57.2% of the total variance (Table 25). The 
varimax-rotated factor matrix (Table 26) indicates that 
the first factor is dominated by variables on whorls 
4,5, and 6, whereas the second factor is dominated by 
variables on later whorls (7—9) and the third factor by 
variables on earlier whorls (1-3). Alabama specimens 
score higher on all three axes than do Maryland and 
Virginia specimens, indicating differences throughout 
ontogeny. It is clear from the plots in Text-figure 18 
that specimens from Maryland and Virginia are, as a 
group, distinct from specimens from Alabama, but not 
more distinct than any of the populations of Turritella 
terebra analyzed (Text-figure 17). 

It would have been very desirable to include other 
forms and samples in this analysis, especially speci- 
mens assigned to mortoni from the Sabinian-aged Black 
Mingo Group of South Carolina (e.g., Van Nieuwen- 
huise and Colquhoun, 1982), as well as specimens of 
T. mediavia Bowles, 1939 and T. “‘premortoni” Go- 
voni, 1983, but too few well-preserved specimens of 
any of these were available for quantitative analysis. 
These limitations of material produce substantial lim- 
itations of interpretation in attempts at a comprehen- 
sive understanding of evolution within “mortoni sensu 


lato”: 1) Without morphometric data on Sabinian forms 
from South Carolina, it is difficult to determine wheth- 
er the differences shown in Text-figure 18 between 
specimens from Virginia-Maryland and Alabama are 
clinal or more characteristic of discrete subspecific dif- 
ferentiation. 2) Without morphometric data on Mid- 
wayan forms from Maryland (“‘premortoni”? Govoni, 
1983; Govoni and Hansen, in press) and the Gulf coast 
(mediavia Bowles, 1939), it is difficult to decide how 
many discrete taxa should be recognized during this 
interval and, more importantly, how Midwayan forms 
evolved into Sabinian forms. 

Qualitative observations are, however, possible. 
Bowles (1939, p. 295) states that mediavia differs from 
mortoni 8.8. and postmortoni of Harris “‘in the persis- 
tence of the fairly strong secondary carina that makes 
the profile of the whorls more rounded,” but specimens 
with similar sculpture can be found among samples of 
mortoni from Virginia and Maryland (e.g., Plate 1, 
figure 4, Plate 2, figure 6). Bowles (1939, p. 295) notes 
that some specimens from the Black Mingo Group of 
South Carolina are “identical in every way with the 
holotype of Turritella mortoni mediavia,” yet they also 
agree closely with specimens of mortoni s.s. from Vir- 
ginia. Among the Midwayan forms, virtually all spec- 
imens referred to mediavia Bowles are considerably 
larger and more robust (and thus more similar to both 
mortoni s.s. and postmortoni) than all known speci- 
mens of “premortoni’’ Govoni. (In size and adult 
sculpture, 7. ““premortoni” in fact most closely resem- 
bles 7. Ai/li Gardner.) 

Based on the multivariate analysis presented above, 
and comparison with the Recent species Turritella ter- 
ebra, it is reasonable to conclude that the patterns of 
variation showed by the Sabinian-aged specimens from 
Maryland-Virginia and Alabama are consistent with 
intra-specific variation, and that Gulf and Atlantic 
populations can be considered as representing two dis- 
tinct subspecies within mortoni. Carolinian specimens 
of the same age appear intermediate but this cannot 
be documented quantitatively. 

There are at least four possible evolutionary rela- 
tionships among these taxa. In the first (Text-figure 
19A), only one of the Midwayan-age forms (mediavia 
or “‘premortoni’’) is ancestral to both postmortoni and 
mortoni s.s. In favor of “‘premortoni”’ being this single 
ancestral form is the close similarity of its protoconch 
and early teleoconch whorls to those of mortoni s.s. 
(Govoni, 1983, p. 103; see Plate 1, figs. 2,6). In favor 
of mediavia as representative of this single ancestral 
form is the greater (albeit qualitative) similarity in adult 
size and sculpture of the Sabinian forms to mediavia 
than to “premortoni’’. Against this interpretation is the 
lack of apparent mediavia descendants where they might 
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Text-figure 17.—Results of factor analysis of specimens of Turritella terebra. A. first and second factor axes. B. Second and third factor 
axes. See Appendix | for specimens used and details of analysis. 


be expected if mediavia was directly ancestral to post- Atlantic and Gulf Coastal Plain lineages evolved more 
mortoni (i.e., in post-Clayton fossiliferous sediments or less separately during the Paleocene; “premortoni” 
of the Gulf coast, such as the Matthews Landing Mem- is ancestral to mortoni s.s., and mediavia to postmor- 
ber of the Porters Creek Formation, and the Naheola toni. Such separation is supported by the differences 
Formation). 


within both Midwayan and Sabinian forms. Taken as 
The second scenario (Text-figure 19B) suggests that a whole, mortoni s.s. from the Aquia of Maryland and 
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Text-figure 18.— 


third factor axes. x represents specimens from Virginia (mortoni s.s. 
Harris). See Appendix | for specimens used and details of analysis. 


Virginia shows differences in the ontogenetic devel- 
opment of the basal carina compared to postmortoni 
from the Alabama Wilcox. The expansion of the carina 
is allometric in both forms, but in postmortoni this 


Results of factor analysis of specimens of Palmerella mortoni sensu lato. A. first and second factor axes. B. Second and 


); 0 represents specimens from Alabama (usually referred to postmortoni 


expansion stops before largest size is reached, whereas 
in mortoni s.s. it continues throughout growth; the 
greater degree of carination in postmortoni is a result 
ofa higher allometric scaling exponent (Allmon, 1994). 


39 


60 


Table 25.—Results of factor analysis of specimens of Palmerella 
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mortoni (Conrad). Variance explained by first five factor axes. 


Factor 


cumulative proportion 


of variance 


Ab wWNe 


0.3505 
0.4828 
0.5720 
0.6376 
0.6953 


Govoni’s “premortoni”’ is distinct from mediavia, dif- 
fering in size and degree of sculpture, but is a good 
candidate for ancestry of Aquia mortoni s.s. not only 
because of its geographic position and apical form, but 
also its moderate, rounded carina which is similar to 
that of the lowest mortoni in the Aquia. Bowles’ me- 
diavia is similar to both postmortoni and some late 
Aquia mortoni in its pronounced carina and large size. 
Under this scenario the four forms should probably be 
considered separate species, since temporally coexist- 


Table 26.—Results of factor analysis of specimens of Palmerella mortoni (Conrad). Rotated factor loadings of each variable on each of the 
first three factor axes. Variables as indicated in Text-figure 3. 


Variable factor 1 
WH1 —0.047 
CH1-1 —0.048 
CH2-1 —0.044 
SWwl —0.046 
MwWI1 —0.046 
Cwl —0.046 
CANI —0.042 
WH2 0.132 
CH1-2 0.125 
CH2-2 0.144 
Sw2 0.127 
MW2 On3s2 
CWw2 0.135 
CAN2 0.140 
WH3 0.463 
CH1-3 0.497 
CH2-3 0.493 
SWw3 0.489 
MW3 0.501 
CW3 0.502 
CAN3 0.516 
WH4 0.743 
CH1-4 0.732 
CH2-4 0.708 
SW4 0.722 
MW4 0.737 
CWw4 0.734 
CAN4 0.741 
WHS 0.841 
CH1-5 0.820 
CH2-5 0.793 
SW5 0.802 
MW5 0.830 
CWs 0.827 
CANS 0.836 
WH6 0.767 
CH1-6 0.714 
CH2-6 0.609 
SW6 0.714 
MW6 0.736 
CW6 0.754 
CAN6 0.746 
WH7 —0.090 
CH1-7 0.534 
CH2-7 0.492 
SW7 0.563 


factor 2 


0.064 
0.068 
0.055 
0.060 
0.059 
0.061 
0.057 
0.017 
0.022 
0.002 
0.018 
0.016 
0.015 
0.010 
—0.058 
—0.095 
—0.110 
—0.094 
—0.096 
—0.097 
=Oshtt 
—0.046 
—0.039 
—0.062 
—0.033 
—0.036 
—0.034 
—0.043 
0.157 
0.163 
0.118 
0.179 
0.176 
0.178 
0.161 
0.352 
0.393 
0.363 
0.378 
0.397 
0.388 
0.358 
0.327 
0.599 
0.438 
0.553 


factor 3 


0.747 
0.740 
0.742 
0.744 
0.749 
0.751 
0.744 
0.840 
0.851 
0.769 
0.829 
0.846 
0.840 
0.832 
0.622 
0.613 
0.561 
0.609 
0.604 
0.604 
0.568 
0.334 
0.329 
0.318 
0.343 
0.344 
0.344 
0.314 
0.146 
0.137 
0.151 
0.127 
0.119 
0.134 
0.097 
0.064 
0.088 
0.074 
0.049 
0.054 
0.086 
0.014 
0.116 
0.036 
0.154 
0.030 


Variable 


MW7 
CW7 
CAN7 
WH8 
CH1-8 
CH2-8 
Sws8 
MwW8 
CW8 
CAN8 
WH9 
CH1-9 
CH2-9 
Sw9 
MW9 
CWw9 
CAN9 
WH10 
CH1-10 
CH2-10 
SW10 
MW10 
CW10 
CAN10 
WH11 
CH1-11 
CH2-11 
SW1l 
MWI11 
Cwll 
CANI1 
WH12 
CH1-12 
CH2-12 
SWi2 
MwW12 
Cwl2 
CAN12 
WH13 
CH1-13 
CH2-13 
SW13 
MW13 
Cwl3 
CAN13 


factor 1 


0.602 

0.643 

0.567 
—0.130 

0.251 

0.400 

0.433 

0.459 

0.539 

0.331 
—0.248 
—0.341 

0.053 
—0.147 
=02153 
—0.072 
—0.207 
=0.503 
—0.803 
—0.647 
= O23) 
—0.758 
=0:737 
—0.765 
—0.576 
—0.804 
=—02/39 
—0.765 
—0.783 
=O572 
—0.776 
—0.230 
—0.578 
—0.561 
=0:5,73 
=0:573 
=0:573 
=0s579 
=0:133 
=0:133 
—0.130 
—0.134 
=0:133 
—0.133 
=0:1132 


factor 2 


0.574 
0.552 
0.546 
0.346 
0.699 
0.482 
0.612 
0.633 
0.631 
0.632 
0.372 
0.542 
0.523 
0.504 
0.538 
0.543 
0.447 
0.229 
0.060 
0.177 
0.044 
0.056 
0.068 
0.007 
0.107 
=0:161 
—0.015 
=0; 191 
—0.167 
—0.164 
—0.202 
0.203 
—0.500 
—0.480 
—0.508 
—0.504 
—0.514 
—0.487 
—0.726 
=O:721 
—0.720 
=057 113 
=O03/ 15 
=O17 12 
—0.724 


factor 3 


0.054 

0.070 
—0.003 

0.111 

0.002 

0.107 
—0.014 

0.020 

0.054 
—0.047 

0.071 
—0.118 
—0.044 
—0.160 
—0.142 
—0.123 
=O51'55 

0.057 
—0.053 
—0.021 
—0.062 
—0.059 
—0.053 
—0.076 

0.067 
—0.030 
—0.011 
—0.044 
—0.036 
—0.037 
—0.048 

0.106 
—0.013 
—0.012 
—0.014 
—0.014 
—0.014 
—0.015 
—0.047 
—0.047 
—0.047 
—0.047 
—0.047 
—0.047 
—0.047 
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ing forms are morphologically distinct and the two 
lineages are presumed to have evolved independently 
over geological time. 

Finally, Midwayan forms may represents a single, 
variable and geographically widespread species that 
evolved, in toto, into another variable and widespread 
species in the Sabinian (Text-figure 19C). In support 
of this hypothesis is the highly variable morphology 
within mortoni from the Aquia. Andrews (1971) sug- 
gests that a less carinate form evolved into a more 
carinate form within the Aquia section. Text-figure 18 
indicates that postmortoni and mortoni s.s. are both 
variable, but along different multivariate axes. Wheth- 
er ‘“‘premortoni”’ and mediavia could have been con- 
specific is not clear, given their size and sculpture dif- 
ferences, but it is interesting to note that mediavia 
occupies a geographic area in-between those of the 
morphologically similar and approximately synchro- 
nous /i/li in Texas and “‘premortoni” in Maryland. A 
possible variant on this scenario is similar to one sug- 
gested that has been discussed for human evolution 
(see Van Valen, 1966). Different populations ofa single 
species could have crossed a morphological threshold 
to a new morphology independently. The descendant 
populations would still belong to a single and more or 
less genetically continuous species, but its populations 
had not all evolved simultaneously or with constant 
levels of genetic interchange. 

Based on all information currently available, I ten- 
tatively favor the last of these hypotheses (Text-figure 
19C). Data are sufficient to show that mortonis.s. from 
Maryland-Virginia is distinct from postmortoni from 
Alabama, but not substantially more so than different 
living populations of Turritella terebra; specimens from 
geographically intermediate areas may (or may not) 
link the two morphologically. Data are not sufficient 
to indicate whether “‘premortoni” and mediavia (and 
hilli ?) can be united into a single, variable species or 
which Midwayan form most closely resembles (and 
gave rise to) which Sabinian form. It is possible that 
larger samples of the forms that were not analyzed 
quantitatively here can be assembled in the future. 
Pending such analyses, I choose to include all four 
forms within a single, variable species mortoni, and to 
recognize them as geographic/chronologic subspecies. 


Palmerella mortoni mediavia (Bowles, 1939) 
Plate 2, Figures 1,9 


? Turritella mortoni Conrad var. Harris, 1894b, p.48, pl.3, f.5; Brann 
and Kent, 1960, p.928. Turritella mortoni Conrad ? Harris, 1894b, 
p.47,48; 1896, p.16,17; McCallie, 1908, p.335 [not p.235 as in 
Bowles, 1939]; Veatch and Stephenson, 1911, p.219,220; Ste- 
phenson and Veatch, 1915, p.69; Stephenson and Crider, 1916, 
p.48, 49, 51-53; Brantly, 1920, p.144,146 [only]; Cooke, 1936, 
p.50; not Conrad, 1830; Toulmin, 1977, pl. 8, f.8. 


? Turritella saffordi Gabb. Harris, 1896, p.110, in part, pl.11, f.8, 
[T. mortoni var. on plate caption]; not Gabb, 1860, p.392. 

Turritella mortoni mediavia Bowles, 1939, p.294 in part, pl.33, f.5; 
not pl.33, f.3 [= ? Palmerella mortoni s.s. Conrad]; Stenzel and 
Turner, 1942, card 79; Palmer and Brann, 1966, p.995-996. 


Description. —Original description: “Spire abruptly 
tapering for the genus. Apical whorls sharply angulated 
anteriorly, concave in profile; adult whorls more 
rounded, almost convex in profile, sharply constricted 
at the sutures, which are linear but distinctly impressed 
between the apical whorls, gradually becoming deeper 
and wider between the later whorls. Sculpture of apical 
whorls consisting of a strong basal carina with a less 
prominent revolving cord near the posterior suture; 
both the carina and the posterior cord persistent on 
the adult whorls, the posterior giving the whorls a more 
rounded appearance than is general in the group. Sec- 
ondary sculpture consisting of numerous very fine re- 
volving lines, beaded on some of the early whorls by 
the intersection of the growth lines. Incremental striae 
distinct and sharply flexed medially, curving out again 
and then slightly reflexed at the anterior suture. Ap- 
erture unknown.” (1939, p.294) 

Protoconch and earliest teleoconch whorls un- 
known. 

Measurements. —See Table 27. 

Stratigraphic and Geographic Distribution. —AL, GA, 
MS, TN, AR: Clayton Formation; lower Midwayan 
Stage, Lower Paleocene. 

Type Locality. — Prairie Creek, Wilcox County, Al- 
abama (AL-WI-9). 

Other Localities. —AL-HE-2 (TLM), AL-HE-3 (VS), 
GA-CL-3 (B), GA-CL-6 (T), GA-SL-3 (VS), GA-MA-1 
(B), TN-HA-12 (US), AR-PU-4 (SC), AR-WH-1 (HA), 
AR-WH-2 (SC), AR-LO-1 (HA). 

Type Material.—holotype of T. mortoni mediavia 
Bowles USNM 495146, paratype USNM 495147. 

Remarks/Discusssion. —See above, under P. mor- 
toni mortoni. 


Palmerella mortoni postmortoni 
(Harris, 1894a) 
Plate 2, Figures 2-5 


Turritella mortoni Conrad. Aldrich, 1886a, in part, p.13,55,58; not 
p.9,46,59,60; Harris, 1899a, p.74,pl.10, f.4; 1899b, p.308, in part, 
pl.55, f.4, not pl.52, f.9 [=Turritella sp., fide Palmer and Brann, 
1966]; Veatch, 1906, pl.14, f.5,5a; Guillaume, 1924, p.289 in part 
{not Claiborne as indicated]; 1926, p.425; Cooke, 1926, 
p.259,261,264, pl.94,f.2; Semmes, 1929, f.59-2; not Conrad, 1830. 

Turritella mortoni postmortoni Harris, 1894a, p.302-304, in part, 
f.1, not f.2 [= Palmerella mortoni s.s.],; 1899a, p.75, pl.10, f.3; 
Clark and Martin, 1901, p.147-148 in part, not pl.26, f.5 [=P. 
mortonis.s.]; not Grabau and Shimer, 1909, f.1064d [= P. mortoni 
s.s.]; Bowles, 1939, p.298, pl.33, f.4; Palmer, 1937, p.188, pl.23, 
f.8-10; Stenzel and Turner, 1942, card 95; LeBlanc in Barry and 
LeBlanc, 1942, pl.104, in part, pl.13, f.11; Shimer and Shrock, 
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Table 27.—Measurements of Palmerella mortoni mediavia 
(Bowles). Abbreviations as in Table 10. 


MD MH WN 
USNM 495146 holotype 19.0 41.0 Ted 


1944, p.498 in part, not pl.201, f.17 [=P. mortoni s.s.]; Brann and 
Kent, 1960, p.928, in part, not No. 3903 [= P. mortonis.s.]; Palmer 
and Brann, 1966, p.996; Toulmin, 1977, p.232, pl.29, f.9. 
Turritella humerosa Conrad. Trowbridge, 1932, pl.31, f.6,7, copies 
Veatch, 1906, after Harris, 1899a [PRI 270, 271, not USNM 
11754 as in Trowbridge]; not Conrad, 1835b. 
Turritella postmortoni Harris. Toulmin, 1969, pl. 1, f.14. 
Turritella sp. Toulmin, 1977, pl.29, f.12,13. 


Description. —Shell large, of 15 to 20 whorls. Max- 
imum observed whorl diameter 27.0 mm. Apical angle 
varies from 19°; apical and pleural angles approxi- 
mately equal. Protoconch and earliest teleoconch whorls 
unknown. Sutures not deeply incised. Spiral sculpture 
on earliest whorls observed (dia. = 0.75 mm) consisting 
of three moderately prominent spirals, one in middle 
of whorl and one close to each suture, middle spiral 
being strongest. In succeeding whorls, upper and lower 
spirals moving toward center, space between upper and 
middle spirals becoming greater than that between low- 
er and middle. Within four to five whorls, secondary 
spirals appearing between upper and middle primaries, 
between upper primary and suture, and immediately 
associated with lower suture. Further intercalaries con- 
tinuing to appear on succeeding whorls. Teleoconch 
whorls wider than high. Profile of earliest known whorls 
generally straight-sided, angulated in middle by prom- 
inent middle primary spiral. On succeeding whorls, 
lower primary spiral surpassing middle spiral in 
strength; whorl profile becoming basally carinate; area 
between lower primary spiral and spiral at suture be- 
coming slightly concave in profile. This area remaining 
approximately same size on succeeding whorls, while 
area beneath lowest spiral expands, the point of contact 
of following whorl shifting relatively inward with ca- 
rina coming to overhang suture with a surface origi- 
nally roughly horizontal, becoming angled downward 
and slightly convex outward in profile with carina 
moving relatively upward on the whorl. On late whorls 
profile markedly concave above the carina and slightly 


Table 28.—Measurements of Palmerella mortoni postmortoni 
(Harris). Abbreviations as in Table 10. 


MD MH WN 
USNM 497992 hypotype 23.0 65.0 10.5 
MCZIP 29308 26.6 74.3 10.5 


convex below. Carina varying in profundity from acute 
angulation in lower half of whorl to flaring, adapically 
turned flange several mm wide, often undulating in its 
lateral trace. Outer edge of carina almost always made 
of single spiral rib, but single weaker spiral just below 
edge usually visible. Lateral aspect of growth line trace 
markedly prosocline, with well developed upper and 
lower inflection points and a moderately deep sinus, 
apex of which is just above whorl middle. Lower in- 
flection point usually relatively high on lower '2 of 
whorl, causing spiral sinus to be relatively narrow and 
basal sinus to be relatively shallow. 

Measurements. —See Table 28. 

Stratigraphic and Geographic Distribution. —AL,GA: 
Nanafalia Formation (Ostrea thirsae beds, Grampian 
Hills Member), Tuscahoma Formation (Bells Landing 
Member, Greggs Landing Member); TX,LA: Pendle- 
ton Formation, Marthaville Formation; Sabinian Stage, 
Upper Paleocene. 

Type Locality.—Bells Landing, Alabama River, 
Monroe County, Alabama (AL-MO-3) 

Other Localities. —AL-WI-1 (B), AL-WI-18b(B), AL- 
WI-18c (C), AL-WI-55 (B), AL-WI-57 (T), AL-WI-58 
(T), AL-MA-1 (B), AL-PI-1 (B), AL-PI-6 (T), AL-CH-6 
(B), AL-CH-11 (T), AL-CH-12 (T), AL-DA-1 (MCZ), 
AL-DA-4 (T), AL-MO-5 (B), AL-HE-4 (T), TX-SA-5 
(B), TX-SA-SC (L), TX-SA-19 (L), LA-NA-5 (L), LA- 
NA-12 (L), LA-NA-15 (L), LA-NA-16 (L), LA-NA- 
17 (L), LA-SA-20 (WW), LA-SA-21 (WW), LA-SA- 
22 (WW), GA-HE-1 (MCZ), GA-CL-2 (MCZ), GA- 
CL-7 (ANS). 

Type Material.—lectotype of T. mortoni postmor- 
toni Harris lost (fide Palmer and Brann, 1966, p.996), 
hypotype (Bowles, 1939) USNM 497992. 

Remarks/Discussion. —Harris’ postmortoni differs 
qualitatively from mortoni s.s. principally in being 
smaller, and in frequently showing a sharper and more 
pronounced basal carina, but overlaps considerably in 


— 


Text-figure 19.—Four possible evolutionary scenarios for the forms most closely related to Pal/merella mortoni (Conrad). mor = Palmerella 
mortoni s.s., pom = Palmerella mortoni postmortoni, prm = Palmerella mortoni ssp. (“‘premortoni’), med = Palmerella mortoni mediavia, 
hil = Palmerella hilli Gardner. Al, A2. Only one phyletic link between Sabinian and Midwayan forms, either between the Gulf coast forms 
mediavia and postmortoni, or the Atlantic coast forms mortoni s.s. and “‘premortoni.” B. Atlantic and Gulf lineages are separate from each 
other throughout Midwayan and Sabinian times. C. Gulf and Atlantic forms continually interbreeding throughout Paleocene and earliest 
Eocene times, forming one broad and highly variable phyletic lineage. This is the hypothesis favored here. 
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general shell form. The results of the factor analysis 
(Text-figure 18) indicate that there are whorl shape 
differences between the Alabama and Virginia/Mary- 
land specimens at all ontogenetic stages. 

An interesting feature showed by several individuals 
of postmortoni is a doubling of the carina by the ex- 
pansion of a secondary spiral just above the C spiral 
(see Plate 2, Figures 2,3,5). Toulmin (1977, pl.29, 
f.12,13) suggested that these forms represent a distinct 
species, but all intermediate conditions exist between 
a simple, single carina and a truly double carina of two 
equal-strength ribs. Most interesting is that some in- 
dividuals of ‘7.’ praecincta Conrad also show a dou- 
ble carina (Plate 14, Figure 3). 


Palmerella mortoni, ssp. 


Haustator premortoni Govoni, 1983, p. 104, pl.5, f.1-5. 


Description. —Govoni (1983) provides the following 
description: ‘‘Shell medium-size, tapering, turriculate. 
Suture narrowly impressed. Protoconch erect, hom- 
eostrophic, turbinate, of about 3 smooth, rounded, rap- 
idly expanding volutions; first volution minute, ini- 
tially somewhat depressed; protoconch merges into te- 
leoconch without percepible break. Whorls of teleo- 
conch wider than high; total number of volutions 
unknown. Primary spiral threads B and C may appear 
on earliest juvenile whorl simultaneously (B, C,) or, 
more frequently, C may appear just slightly ahead of 
B(B, C,); within a single volution, primary spiral thread 
a appears just slightly posterior of the midpoint be- 
tween B and the posterior suture, while at the same 
time B shifts slightly anteriorly of midwhorl and 
strengthens rapidly relative to c, forming a sharp, raised 
cord, and yielding the sculptural pattern which dom- 
inates the remaining juvenile whorls (a; B, c, d); pri- 
mary spiral thread d seems to appear very early but 
remains more or less obscured beneath succeeding 
whorls. First fine secondary thread appears no later 
than fourth to fifth teleoconch whorl between primary 
spiral a and the posterior suture; additional secondary 
threads added progressively starting at sixth to seventh 
whorl, first between primaries a and B, then between 
B and c; a single secondary thread does not appear 
between c and anterior suture until eigth to ninth (early 
adolescent) volution, with 3 or 4 additional threads or 
weak cords not appearing in interspace until later ad- 
olescent to mature whorls. Starting in earlier adoles- 
cent whorls, many spirals, particularly stronger ones, 
may become finely but distinctly beaded where inter- 
sected by growth lines; beading persists throughout 
mature whorls but may become subdued, or late in 
ontogeny beads may merge and be incorporated into 
strong, elongate, wavey wrinkles as growth lines strength- 


en and become raised and crinkled. Whorl profile con- 
vex and submedially carinate in juvenile whorls; with 
addition and strengthening of secondary spirals in con- 
junction with relative weakening of primaries a and b, 
whorl sides of adolescent whorls initially flatten then 
quickly become shallowly concave medially above low, 
sharp, carinate basal angulation that overhangs suc- 
ceeding whorl; basal angulation formed by relative 
strengthening of primary c and sometimes the second- 
ary spiral below; in mature whorls basal carination 
becomes rounded and increases in prominence, whorl 
sides become somewhat more constricted medially, 
and posterior third of whorl may become broadly con- 
vex or develop a very low secondary carination at po- 
sition of primary spiral a. Mature whorls covered by 
numerous fine spiral threads that tend to be of subequal 
strength on posterior third of whorl, of similar but 
more obviously alternating strength medially, and 
strongest on and below the basal carina; in latest whorls 
spirals appear wavey and disrupted by intersection of 
strongly wrinkled growth lines; flattened whorl base 
covered by numerous relatively coarse subequal spiral 
threads. Growth lines sinuous, indistinct at first, be- 
coming increasingly prominent in mature whorls; on 
upper surface of mature whorls above basal carina, 
growth lines form a deep, nearly symmetrical spiral 
lateral sinus with gently curved and acutely inclined 
limbs, with vertex immediately above midwhorl and 
corresponding to point of maximum constriction of 
whorl side; lines recurve to form prospiral sinus of 
similar width and depth centered upon basal carina, 
then continue in broad antispiral arc across whorl base 
to columella. Aperture incompletely known, possibly 
subquadrate; parietal region calloused.”’ 

Measurements. —See Table 29. 

Stratigraphic and Geographic Distribution. —MD: 
Brightseat Formation; Lower Paleocene. 

Type Locality.—Southwest Branch, W of Capital 
Beltway, Prince Georges County, Maryland (MD-PG- 
12): 

Other Localities: MD-PG-13 (GO), MD-PG-14 
(GO). 

Type Material: holotype and 75 paratypes of Haus- 
tator ‘“‘premortoni”’? Govoni USNM 

Remarks/Discusssion. —See above, under P. mor- 
toni mortoni and Govoni and Hansen (in press). 


Table 29.—Measurements of Pa/merella mortoni ssp. (““premor- 
toni’ Govoni). Abbreviations as in Table 10. 


MD MH WN 
USNM holotype 14.9 39.9 6.5 
USNM paratype 4.8 13.1 8 
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Palmerella pleboides (Vaughan, 1895) 
Plate 6, Figures 1-3 
Turritella pleboides Vaughan, 1895, p.213, nomen nudum, Bowles, 
1939, p.311, pl.33, f.7; Stenzel and Turner, 1942, card 92, f.4— 
6, copies Vaughan, 1895, f.7; Palmer and Brann, 1966, p.1001. 
Mesalia pleboides Vaughan, 1896, p.36,44, pl.3, f.4-6; Schuchert, 
Dall, Stanton and Bassler, 1905, p.401; Palmer, 1937, p.208, pl.27, 
f.5,11,12; Brann and Kent, 1960, p.549,550. 


Description. —Shell small, of 10 to 15 whorls. Max- 
imum observed whorl diameter 7.0 mm. Apical angle 
20°; pleural angle may be slightly less than apical angle. 
Sutures relatively deeply incised. Protoconch suberect, 
homeostrophic, turbinate, of 1.5—1.75 smooth, round- 
ed whorls; P1 small. Primary spirals B and C appearing 
approximately simultaneously, C perhaps just slightly 
before B, as a pair of faint angulations on the lower 2 
of the whorl, rapidly becoming distinct ribs. Primary 
A appearing within 0.5 whorl after B and C, achieving 
equal strength within 1.0 whorl, giving early whorls a 
subquadrate aspect. Secondary ribs appearing at about 
whorl 6-7. Sculpture on late whorls consisting of even- 
ly spaced primaries and secondaries of approximately 
equal strength, separated by weaker intercalaries. 
Growth lines beginning to show marked positive relief 
at about whorl 3, producing axial costae particularly 
on subsutural shelf developed on early whorls between 
A spiral and suture. Beading caused by intersection of 
growth lines and spiral ribs persisting after whorl pro- 
file becomes rounded at about whorl 9-10. Teleoconch 
whorls wider than high, evenly rounded and somwhat 
inflated in profile. Area between C spiral and suture 
concave in profile. Lateral aspect of growth line trace 
orthocline to prosocline, with only lower inflection 
point. Sinus of moderate depth with apex just above 
whorl middle. Antispiral and basal sinues shallow. 

Measurements. —See Table 30. 

Stratigraphic and Geographic Distribution. —LA: 
Cook Mountain Formation; upper Claibornian Stage, 
Middle Eocene. 

Type Locality. —Hammetts Branch, 2 mi NE of Mt. 
Lebanon, Bienville Parish, Louisiana (LA-BI-7). 

Other Localities. —LA-BI-1 (B), LA-BI-2 (B), LA- 
BI-4 (B), LA-BI-5 (B), LA-BI-6 (B), LA-BI-8 (B), LA- 
CB-2 (B). 

Type Material. —lectotype of T. pleboides Vaughan 
USNM 495175, paralectotypes USNM 147040. 

Remarks/Discussion.—The apical sculpture places 


Table 30.— Measurements of Palmerella pleboides (Vaughan). Ab- 
breviations as in Table 10. 


MD MH WN 
USNM 495175 lectotype 7.0 22.0 9.5 


this form in the mortoni group and so in the genus 
Palmerella. Its convex whorl profile and shallow basal 
growth line sinus ally it with P. femina (Stenzel), al- 
though it shows finer sculpture than this Weches spe- 
Glese 


Palmerella potomacensis 
(Clark and Martin, 1901) 
Plate 15, Figures 1,2 


Turritella potomacensis Clark and Martin, 1901, p.149, pl.27, f.2,3; 
Clark and Miller, 1912, p.104,106,107, 119,120; Bowles, 1939, 
p.310; Stenzel and Turner, 1942, card 96; Palmer and Brann, 
1966, p.1002. 


Description. —Shell medium-sized, of 12—15 whorls. 
Maximum observed whorl diameter 11.5 mm. Apical 
angle approximately 12-—15°, approximately equal to 
pleural angle. Sutures relatively deeply incised. Pro- 
toconch and earliest teleoconch whorls are unknown. 
Earliest known whorls (diameter = approx. 1.0 mm) 
showing two spirals of approximately equal strength 
in about middle of both upper and lower halves of 
whorl. Secondary spirals soon appearing. Basal spiral 
quickly becoming stronger and being joined by a sec- 
ond subequal spiral beneath it giving the whorls a ba- 
sally carinate-cingulate appearance. Above basal ca- 
rina, adult whorl surfaces covered with three to four 
principal spirals of approximately equal strength and 
an equal number of finer secondaries. Lateral aspect 
of growth line trace prosocline, with lower and upper 
inflection points very close to sutures. Sinus of mod- 
erate depth just below middle of whorl. Basal aspect 
of growth line trace unknown. Aperture unknown. 

Measurements. —See Table 31. 

Stratigraphic and Geographic Distribution.—VA: 
Nanjemoy Formation, Woodstock Member; Lower 
Eocene. 

Type Locality.—1 mi. below Popes Creek, Charles 
County, Maryland (MD-CH-2). 

Other Localities. —VA-KG-3 (B), VA-HA-2 (WD, 
MCZ). 

Type Material. —2 syntypes of T. potomacensis Clark 
and Martin (plastic molds) USNM 207075, 207076. 

Remarks/Discussion.—The earliest known spiral 
sculpture, as well as the profile of late whorls, of po- 
tomacensis are similar to those of P. mortoni mortoni 
from the underlying Aquia Formation. Although a well 


Table 31.—Measurements of Palmerella potomacensis (Clark and 
Martin). Abbreviations as in Table 10. 


MD MH WN 


USNM 207075 syntype 8.0 35.0 12 
USNM 207076 syntype 11.0 38.0 515) 
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preserved apex is needed for confirmation, these fea- 
tures are sufficient to unite potomacensis with the mor- 
toni group for the time being. 


Palmerella sp. 
Plate 11, Figure 5 


Turritella sp. Ward, 1985, pl.4, f.12, 13. 


Description. —Shell small to medium sized, of prob- 
ably 10 to 15 whorls. Maximum observed whorl! di- 
ameter 7.6 mm. Apical angle 20°; pleural angle may 
be slightly less than apical angle. Sutures indistinct on 
early whorls, only slightly incised on later whorls. Te- 
leoconch whorls wider than high; early whorls straight- 
sided in profile, later whorls evenly rounded and con- 
vex. Protoconch and earliest apical whorls unknown. 
Earliest known whorls (dia. = 1.2 mm) bearing four 
spiral ribs. Two on lower '2 of whorl most prominent, 
located at around whorl midpoint and in middle of 
lower half, respectively. Next strongest on about mid- 
dle of upper '2 of whorl, followed by one much weaker 
midway to upper suture. Lower two spirals remaining 
most prominent for several whorls, as intercalaries ap- 
pear and come to equal strength with upper spirals. 
Profile of earliest whorls dominated by lower two ribs, 
upper '2 of whorl sloping straight down to them from 
the suture. Within approximately six whorls of earliest 
observed, whorl profile becoming evenly rounded as 
spirals assume more equal strengths, maximum di- 
ameter occurring in lower 3 of whorl. Sculpture on 
latest whorls consisting of approximately evenly spaced, 
equal strength, moderately pronounced spirals alter- 
nating with finer spirals. Sutures inconspicuous. Lat- 
eral aspect of growth line orthocline with weak upper 
and lower inflection points and moderately deep sinus 
with apex just above whorl middle. Antispiral and bas- 
al sinuses relatively shallow. 

Measurements. —See Table 32. 

Stratigraphic and Geographic Distribution.—VA: 
Nanjemoy Formation, Woodstock Member; Lower 
Eocene. 

Localities. -VA-HA-3 (WD,MCZ), VA-HA-4 
(WD,MCZ). 

Remarks/Discussion. —This form appears to repre- 
sent an undescribed species, but insufficient material 


Table 32.—Measurements of Palmerella sp. Abbreviations as in 
Table 10. 


is available to name it formally at this time. The ear- 
liest known spiral sculpture is similar to that of Pal- 
merella mortoni and its close relatives, although a com- 
plete apex is required for positive determination. The 
whorl profile, adolescent and adult sculpture, and basal 
aspect of the growth line are most similar to those of 
T. femina from Gulf coast deposits of slightly later age. 


Palmerella stenzeli, new species 
Plate 11, Figures 9,10 


Diagnosis. —Medium-sized turritellid with conspic- 
uous, rounded basal carina, fine, even spiral sculpture 
and a depressed zone across the middle of the whorl. 

Description. —Shell medium sized, of probably 15 to 
20 whorls. Maximum observed whorl diameter 18.6 
mm. Apical angle 17°; pleural angle slightly greater 
than apical angle. Sutures moderately deeply incised. 
Protoconch and earliest teleoconch whorls unknown. 
Smallest whorl examined (dia. = 0.14 mm, paratype 
MCZIP 29271) bearing three spirals of moderate 
strength, one on middle of upper '3 of whorl, one just 
below whorl middle and one on about middle of lower 
Ys of whorl. Lower two spirals slightly stronger than 
upper one, and lowest spiral forming edge of basal 
carina, below which whorl profile slightly concave. Sec- 
ondaries of lesser strength appearing irregularly spaced 
between these spirals over next three to five whorls; 
original spirals decreasing in strength so that sculpture 
of later whorls consisting of numerous more or less 
equally spaced, equally fine spirals. Spirals not beaded. 
Whorl profile becoming increasingly basally carinate, 
basal carina becoming broader and rounded and com- 
prising approximately lower 4 of whorl. Middle of 
whorl becoming markedly concave between height of 
uppermost original spiral and carina. Lateral aspect of 
growth line trace orthocline to slightly prosocline, with 
only lower inflection point. Sinus moderately deep, 
with apex just above whorl middle. Antispiral nd basal 
sinuses moderately deep. 

Measurements. —See Table 33. 

Stratigraphic and Geographic Distribution.—TX: 
Kincaid Formation (Tehuacana Limestone); lower 
Midwayan Stage, Lower Paleocene. 

Type Locality. —old Flat Rock Quarry, approx. 5 mi. 
S of Ola, Kaufman County, Texas (TX-KA-S). 


Table 33.—Measurements of Palmerella stenzeli n. sp. Abbrevi- 
ations as in Table 10. 


MD MH WN MD MH WN 
USNM 366511 3.9 12.2 10.5 MCZIP 29270 holotype 9.85 33.4 7.3 
USNM 366512 529 14.4 4 MCZIP 29272a paratype 12.0 34.0 10 
MCZIP 29280 6.7 20.8 is MCZIP 29273a paratype 255 47.2 13 
MCZIP 29280 7.6 20.3 6 MCZIP 29273b paratype 13.0 44.2 11 
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Other Localities. —TX-LI-3 (MCZ). 

Type Material.—holotype of Palmerella stenzeli n. 
sp. MCZIP 29270, paratypes MCZIP 29271, 29272, 
29273, PRI 33198. 

Etymology. —Named for the late H.B.Stenzel, pio- 
neer of Texas Cenozic invertebrate paleontology. 

Remarks/Discussion. —The sculpture of the earliest 
known whorls of this species most closely resembles 
that of Palmerella levicunea (Harris), for which the 
protoconch and earliest teleoconch whorls are also un- 
known. P. stenzeli is distinct from the other basally 
carinate Midwayan species of Texas (P. hilli (Gardner), 
*Turritella” kincaidensis Plummer, 1933 “7.” plum- 
meri Stenzel and Turner, 1940) in its finer, unbeaded 
spiral sculpture and especially the medial concave band 
across the middle of later whorls. The type locality is 
close to that of “7.” kincaidensis, but the two forms 
have not been found together. P. stenzeli lacks the 
adapical concave constriction characteristic of “7.” 
kincaidensis. The prominent basal carina allies P. sten- 
zeli with other similarly shaped lower Paleogene spe- 
cies of Palmerella, but, as for many species discussed 
here, definite supraspecific placement must await dis- 
covery of a well preserved apex. 

This species is common to abundant in the dense 
limestones exposed at its two known localities. These 
limestones appear to belong to either the Tehuacana 
Member of the Kincaid Formation or to one or more 
of the limestone “‘lentils’” of the underlying Pisgah 
Member. 


Genus HAUSTATOR Montfort, 1810° 


Type Species. —H. gallious Montfort, 1810 (= Tur- 
ritella imbricataria Lamarck, 1804), Upper Eocene, 
England. 

Diagnosis. —Shell medium-sized to vary large, of 15- 
25 whorls. Protoconch of 0.75 to 2.5 smooth, rounded 
whorls with small P1. Apical sculpture formula C,B,A;. 
Profile of adult whorls round to basally carinate. Sculp- 
ture consisting of multiple simple, moderately devel- 
oped spiral ribs. Apical angle less than or equal to 
pleural angle. Lateral sinus of the ‘“‘hybrida-imbrica- 
taria”’ type, basal sinus moderate deep and simple. 

Stratigraphic and Geographic Distribution.—U.S. 
Gulf and Atlantic Coastal Plains, Western Europe; 
Lower Paleocene— Upper Eocene. 


© The name Haustator Montfort, 1810 is a junior subjective syn- 
onym of Aculea Perry, 1810 (Petit and Le Renard, 1990). In view 
of the widespread use of Haustator, however, Petit and Le Renard 
(1991) have proposed that it be conserved and that Aculea be sup- 
pressed. This was approved by ICZN Opinion 1677 (1992). 


Haustator alabamiensis 
(Whitfield, 1865) 
Plate 7, Figure 1-3 


Turritella alabamiensis Whitfield, 1865, p.267; de Gregorio, 1890, 
p.128; Aldrich, 1894, p.239,246, pl.13, f.2; Harris, 1894b, p.30,48; 
1896, p.109, pl.10, f.5; Gardner, 1935, p.284, in part; Bowles, 
1939, p.299, pl.32, f.21; Stenzel and Turner, 1942, card 41; Palmer 
and Brann, 1966, p.979; Toulmin, 1977, p.173, pl.8, f.7; not Coss- 
mann, 1893, p.29 under figa. 

Turritella mortoni Conrad. Smith and Johnson, 1887, p.59, in part; 
not Conrad, 1830. 

Turritella alabamiensis var. prealaba Conrad. Kennedy, 1895, p.146, 
nomen nudum. 

Turritella (Haustator) alabamiensis Whitfield. Cossmann, 1912, 
p.118. 


Description. —Shell medium sized, of 15 to 20 whorls. 
Maximum observed whorl diameter 12 mm. Apical 
angle 20°; pleural angles slightly greater than apical 
angle. Sutures deep to shallow. Protoconch of 2.0—2.5 
smooth rounded whorls; P! unknown, probably small. 
Teleoconch whorls slightly wider than high, straight- 
sided to basally convex in profile. Apical sculpture 
formula C, B, A;. Primary sprial C appearing as an- 
gulation on lower 3 of whorl, followed within ap- 
proximately 0.5 whorl by primaries B and A, which 
quickly achieve equal strength with C. Primaries de- 
creasing in relative strength, joined by numerous sec- 
ondaries and tertiaries, so that whorls soon covered 
with evenly spaced, fine spirals of roughly equal 
strength. Primaries and secondaries may be faintly 
beaded on intermediate whorls. In most individuals, 
lower 4 of whorl, bearing C spiral, becoming increas- 
ingly convex, eventually forming rounded but prom- 
inent angulation giving whorl a basally carinate form. 
Some specimens showing more concave whorl profiles 
with less pronounced development of basal carina. Lat- 
eral aspect of growth line trace orthocline or slightly 
prosocline, usually showing only lower inflection point. 
Lateral sinus moderately deep, with apex just above 
middle of whorl. Spiral and basal sinuses moderately 
deep. 

Measurements. —See Table 34. 

Stratigraphic and Geographic Distribution. —AL: 
Clayton Formation, Porters Creek Formation (Lower 
Member), Porters Creek Formation (Matthews Land- 
ing Member), Naheola Formation; GA: Clayton For- 
mation, undifferentiated Midway Group; TX: Kincaid 


Table 34.—Measurements of Haustator alabamiensis (Whitfield). 
Abbreviations as in Table 10. 


MD MH WN 
FMNH-UC 24522 syntype 10.0 35.0 1ae5 
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Formation, Wills Point Formation?; AR: Porters Creek 
Formation; Midwayan Stage, Lower Paleocene. 

Type Locality.—probably Matthews Landing, Ala- 
bama River, Wilcox County, Alabama (AL-WI-3). 

Other Localities. —AL-WI-9 (B), AL-WI-16 (B), AL- 
WI-21 (B), AL-WI-24 (T), AL-WI-25 (T), AL-WI-36 
(B), AL-WI-37 (B), AL-WI-38 (T), AL-WI-39 (T), AL- 
WI-40 (T), AL-WI-41 (T), AL-WI-42 (T), AL-WI-43 
(T), AL-WI-44 (T), AL-WI-45 (T), AL-WI-46 (T), AL- 
WI-47 (T), AL-WI-48 (T), AL-WI-49 (T), AL-BU-1 
(T), AL-BU-2 (T), AL-BU-3 (T), AL-HE-1 (T), AL- 
MA-2 (T), GA-RA-1 (T), GA-SL-2 (VS), TX-BA-30 
(B), TX-BA-31 (B), TX-BA-32 (US), TX-CA-1 (B), 
TX-CA-3 (US), TX-FL-7 (B), TX-HU-1 (B), TX-KA-4 
(B), TX-KA-1 (B), AR-PU-1 (PB). 

Type Material.—11 syntypes of 7. alabamiensis 
Whitfield FMNH-UC 24522. 

Remarks/Discussion. — Haustator alabamiensis and 
*“Turritella” aldrichi Bowles (see p.81) are often quite 
similar in their adult whorl shape and may be initially 
difficult to separate. These two species are very distinct 
in their early apical sculpture and whorl shape, how- 
ever, and in the extremes of their adult whorl form as 
well. This similarity was discussed by Bowles (1939), 
who defended the separation of the two taxa “because 
of their apparent relationships to the latter well-estab- 
lished and distinct groups of 7. [herein Pa/merella] 
mortoni and T. humerosa.” 


Haustator carinata (I.Lea, 1833) 
Plate 9, Figures 1-11 


Turritella carinata I.Lea, 1833, p.129, pl.4, f.120; H.C.Lea, 1849, 
p.107; Dana, 1863, f.802; 1895, f.1486, copy 1863; Conrad, 1865a, 
p.32; 1866, p.11; de Gregorio, 1890, in part, pl. 11, f.3-5, f.6, 
copy I.Lea, 1833, f.9, copy 7. mortoni Conrad, 1835a; not Heil- 
prin, 1891, p.400; Cossmann, 1893, p.29; Harris, 1895b, p.10; 
Palmer, 1937, p.189, pl.24, £.5,6,8,9,12, pl.82, f.1; Bowles, 1939, 
p.304, pl.33, f.13; Stenzel and Turner, 1942, card 52; Brann and 
Kent, 1960, p.904, 905; Glibert, 1962, p.95. Palmer and Brann, 
1966, p.983; not 7. carinata H.C.Lea, 1841, p.96; not H.C.Lea, 
1849, p.107 [= “7”. apita de Gregorio]; Toulmin, 1977, p.301, 
pl.50, f.3; Dockery, 1980, p.81, pl.29, f.1. 

Turritella mortoni Conrad. Conrad, 1835a, p.40, in part, pl.15, f.11 
{Harris reprint 1893, p.40, pl.15, f.11]; not 7. mortoni Conrad, 
1830. 

Turritella mortoni var. A Conrad, 1835a, p.40; not 7. mortoni Con- 
rad, 1830. 

Turritella gracilis H.C.Lea, 1841, p.97, pl.1, f.12; 1849, p.107; de 
Gregorio, 1890, p.127, pl.11, f.32, copy ILea, 1833; Harris, 
1895b, p.21. 

Turritella monilifera H.C.Lea, 1841, p.97, pl.1, f.11; 1849, p.107; 
Harris, 1895b, p.29; not 7. monilifera Adams and Reeve, 1848 
(1850), p.48; not 7. monilifera Deshayes, 1833, p.275. 

Turritella mut. tiga de Gregorio, 1890, p.126, pl.11, f.22; Cossmann, 
1893, p.29. 

Turritella ghigna de Gregorio, 1890, p.125, pl.11, f.19; Palmer, 1937, 
p.191, pl.24, f.2,4,11,13,15, pl.83, f.1; Stenzel and Turner, 1942, 


card 65; Brann and Kent, 1960, p.914; Glibert, 1962, p.97; Palmer 
and Brann, 1966, p.988; Toulmin, 1977, p.302, pl.50, f.4. 

Turritella litripa de Gregorio, 1890, p.125, pl.11, f.20. 

Turritella carinifera claibornensis de Gregorio, 1890, p.126, pl.11, 
f.33, copy 7. monilifera H.C.Lea, 1841. 

Turritella hybrida Deshayes. de Gregorio, 1890, p.126, pl.11, f.23; 
not 7. hybrida Deshayes, 1833, p.278. 

Turritella eterina de Gregorio, 1890, p.126, pl.11, £.34-36; Coss- 
mann, 1893, p.29. 

Turritella claibornensis de Gregorio. Cossmann, 1893, p.29. 

Turritella (Haustator) claibornensis de Gregorio. Cossmann, 1912, 
p.118. 

Turritella (Haustator) claibornensis tiga de Gregorio. Cossmann, 
L912 p18: 

Turritella (Haustator) claibornensis eterina de Gregorio. Cossmann, 
1912, p.118. 

Turritella mortoni turneri Palmer, 1937, p.194, pl.23, f.3,7; not T. 
mortoni Conrad, 1830; not 7. turneri Plummer, 1933. 

Turritella carinata palmerae Bowles, 1939, pl.33, f.12; Stenzel and 
Turner, 1942, card 61; Palmer and Brann, 1966, p.983—4; Toul- 
min, 1977, p.302, pl.50, f.1. 


Description. —Shell medium sized to large, of 15 to 
20 whorls. Maximum observed whorl diameter 18.6 
mm. Apical angle 15°; pleural angle varying from ap- 
proximately equal to apical angle to substantially great- 
er. Sutures varying from faint to deeply incised. Pro- 
toconch suberect, homeostrophic, turbinate, of 0.75— 
1.25 smooth, somewhat flattened whorls; P1 small. 
Apical sculpture formula C, B, A;. Primary C spiral 
appearing as angulation on lower '3—'2 of whorl, fol- 
lowed after about 1.0 whorl by B spiral at about middle 
of whorl and closely associated with C. B and C quickly 
reaching equal strength and diverging. A spiral follow- 
ing B within about 0.5—0.75 whorls, quickly reaching 
equal strength with B and C. Very faint secondaries 
appearing between primaries beginning at whorls 8-9, 
becoming obsolete or persisting as very fine spirals, 
never as strong as primaries. Faint beading often pres- 
ent on primaries on intermediate whorls. Adult whorls 
slightly to very basally carinate, carina being formed 
by D spiral at basal angulation of whorl just above 
suture. Point of contact ofa succeeding whorl may shift 
inward on base of preceeding whorl from margin of 
angulation, forming overhanging carina, or may re- 
main close to margin, pleural angle remaining higher. 

Measurements. —See Table 35. 

Stratigraphic and Geographic Distribution. —AL: 
Gosport Sand, Upper Lisbon Formation; MS: Cook 
Mountain Formation; GA: McBean Formation’, Lis- 
bon Formation; SC: McBean Formation’; LA: Cook 
Mountain Formation; upper Claibornian State, Middle 
Eocene. 

Type Locality.—Claiborne Bluff, Alabama River, 
Monroe County, Alabama (AL-MO- 1a). 

Other Localities. —AL-MO-4,b,c (P,B), AL-MO-11 


7 See Footnote 3, p.46. 
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Table 35.—Measurements of Haustator carinata (I.Lea). Abbre- 
viations as in Table 10. 


MD MH WN 
ANSP 5661 lectotype 11.6 22.0 3.5 
ANSP 5662 syntype 9.4 28.1 i) 
ANSP 13174 3:2 17.1 12.0 
ANSP 13175 5.5 15.2 8.5 
PRI 2893 16.3 47.1 10.5 
PRI 2889 1h 21.8 4.5 
PRI 2890 9.3 32.1 12.5 
PRI 2891 20.0 30.2 2.0 
MCZIP 29292 11.9 36.5 8.0 
MCZIP 29293 16.0 48.5 8.0 
MCZIP 29294 12.2 44.0 10.5 
MCZIP 29296 18.0 44.3 6.0 
MCZIP 29299 13.1 44.6 8.5 


(T), AL-CL-4 (MCZ), AL-CH-9 (T), AL-WA-6(MCZ), 
MS-NE-1 (D,US), MS-NE-2 (P), MS-NE-3 (PB), MS- 
NE-7 (D), MS-NE-10 (US), MS-CL-1 (P,B), MS-CL- 
16 (B), MS-CL-17 (B), GA-BU-3 (VS), GA-TW-7 (VS), 
GA-HO-1 (VS), GA-HO-2 (VS), GA-SU-1 (VS), GA- 
RA-4 (VS), GA-GL-1 (VS), GA-WA-4 (VS), GA-WA-5 
(VS), GA-WI-1 (VS), GA-JO-1 (VS), GA-BU-8 (VS), 
GA-BU-9 (VS), GA-BU-10 (ANS), GA-JF-1 (VS), GA- 
BI-1 (VS), SC-AI-1 (B), SC-OR-6 (B), SC-OR-7 (B), 
LA-WI-1 (B). 

Type Material. —lectotype of T. carinata I.Lea ANSP 
5661, syntypes ANSP 5662-5667; holotype and para- 
type ? of 7. gracilis H.C.Lea ANSP 13174; holotype 
of 7. claibornensis tiga de Gregorio PRI 26440; ho- 
lotype of 7. ghigna de Gregorio lost (fide Palmer and 
Brann, 1966, p.988); lectotype and paratype? of T. 
monilifera H.C.Lea ANSP 13175; holotype of 7. m. 
litripa de Gregorio PRI 26441; holotype of 7. eterina 
de Gregorio lost (fide Palmer and Brann, 1966, p.988); 
holotype of 7. carinata palmerae Bowles USNM 
497997. 

Remarks/Discussion. —Stenzel and Turner (1942), 
Bowles (1939) and Palmer (1937) all note the var- 
ability within ‘‘Turritella carinata,” and specifically 
that the forms designated as Turritella ghigna de Gre- 
gorio and Turritella carinata \.Lea intergrade in adult 
whorl form and sculpture. Palmer states that “When 
the intimate relation of the two lines of growth [.e., 
ghigna and carinata lineages] is seen, one wonders if 
they are not dimorphic phases of the same species” 
(1937, p.189). Although she recognizes the two as sep- 
arate species, for the sake of “taxonomic convenience,” 
Palmer continues to refer to them as “‘phases” of a 
common stock. 

Typical ghigna and typical carinata two forms differ 
(and intergrade) in both whorl shape and expression 
of spiral sculpture on the adult whorls; late whorls of 


typical ghigna are basally convex, but rounded, and 
bear prominent primary and secondary spirals, where- 
as those of typical carinata have sharp basal carinae 
and are generally smooth. Early whorls of the two forms 
are generally similar, although some forms of carinata 
show particularly attenuate upper spires. The intergra- 
dation in sculptural and whorl shape is in a qualitative 
sense gradual and complete, even among individuals 
co-occurring in the same sample, and fully justifies 
recognition of only a single, albeit highly variable, spe- 
cies. The variation can be seen clearly in Plate 9. 

Results of multivariate morphometric analysis of 
“T. carinata” sensu lato are presented in Text-figure 
20. A total of 117 variables was measured on each of 
143 specimens. The first three factor axes account for 
57.3% of the total variance (Table 36). Loadings on 
the first three factors (Table 37) indicate that variables 
on the fourth and fifth whorls load most heavily on 
the first factor, whereas variables from the eleventh 
and twelth whorls load most heavily on the second 
factor and variables on seventh whorl load most heavi- 
ly on the third factor. It is clear from the distribution 
of specimens that there are no discrete groupings rep- 
resented, but rather a continuum of variation, mostly 
along the first factor axis. The specimens plotting in 
the upper left hand quadrant of Text-figure 20A are 
those with later whorls (/.e., whorls 11 and higher) 
perserved, but these also have the highly carinate mor- 
phology of carinata s.s. (e.g., Plate 9, figures 6,7). Spec- 
imens assignable to carinata palmerae (Plate 9, figure 
10) and ghigna (Plate 9, figure 3,4) fall along the right 
or positive side of the graph, along the first factor axis. 

Qualitatively, H. carinata from the Gosport Sand 
differs from H. rina (Palmer) from the underlying Lis- 
bon Formation in the persistence of its B spiral onto 
adult whorls, as well as the frequently more reduced 
expression of primaries A and C, which are quite prom- 
inent on late whorls in H. rina. If only these two forms 
were known, it might be reasonable to propose an an- 
cestor-descendant relationship between them. Forms 
from the Upper Lisbon of Alabama, described by 
Bowles (1939) as **Turritella carinata palmerae,” and 
the equivalent Cook Mountain of Mississippi, figured 
by Dockery (1980), however, suggest that H. carinata 
originated well before the deposition of the Gosport, 
and that it showed a simlar range of variability early 
in its history as it did in the Gosport. “7. c. palmerae”’ 
is similar to the ghigna end of the Gosport carinata 
spectrum, whereas the Mississippi Cook Mountain 
specimens are close to the typical carinata form. Both 
“T.” c. palmerae and the Mississippi forms, however, 
are substantially smaller than the largest sizes of the 
Gosport specimens, suggesting a trend of increasing 
size within the lineage. 
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Text-figure 20.—Results of factor analysis of specimens of Haustator carinata (1. Lea). A. first and second factor axes. B. Second and third 
factor axes. See Appendix | for specimens used and details of analysis. 


Table 36.—Results of factor analysis of specimens of Haustator 


carinata (I. Lea). Variance explained by first five factor axes. Haustator cortezi (Bowles, 1939) 
Plate 10, Figure 9 
2 lativ th 
ere OC ee Turritella cortezi Bowles, 1939, p.280, pl.31, f-11,15; Stenzel and 
Turner, 1942, card 57; Palmer in Harris and Palmer, 1947, p.296— 
l 0.3082 297: Palmer and Brann, 1966, p.985; Allison and Adegoke, 1969, 
2 0.4767 p.1253. 
g) 0.5725 
: pee Description. —Shell small to medium sized, of 10 to 


15 whorls. Maximum observed whorl diameter 13.5 
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Table 37.—Results of factor analysis of specimens of Haustator carinata (I. Lea). Rotated factor loadings of each variable on each of the 
first three factor axes. Variables as indicated in Text-figure 3. 


Variable factor 1 factor 2 factor 3 Variable factor 1 factor 2 factor 3 
WHI 0.110 —Oul'S2 —0.541 W2-7 0.330 —0.250 0.764 
CH2-1 0.110 —OS 1 —0.540 W3-7 0.344 —0.249 0.754 
CH4-1 0.000 0.000 0.000 CW7 0.328 =—(!251 0.765 
swl 0.109 —0.151 —0.536 CDC7 0.285 —0.249 0.784 
W1-1 0.110 =OM'52 —0.541 WH8 —0.385 —0.294 0.634 
W2-1 0.110 O52 —0.541 CH2-8 —0.352 —0.293 0.611 
W3-1 0.110 —0.152 —0.541 CH4-8 —0.431 —0.154 0.420 
CWwl 0.110 —(O152 —0.541 Sws —0.446 —0.227 0.558 
EDEl 0.110 —0.152 —0.541 W1-8 —0.398 —0.309 0.611 
WH2 0.580 =O =0:5 11 W2-8 —0.385 =0!3 110 0.608 
CH2-2 0.578 =O2 —0.520 W3-8 =0:375 —0.306 0.609 
CH4-2 0.339 —0.045 —0.159 Cws —0.382 —0.304 0.606 
SWw2 O:572 —0.100 —0.478 CDC8 —0.411 —0.303 0.612 
W1-2 0.581 —0.109 —0.501 WH9 —0.738 —0.075 0.222 
W2-2 0.581 —0.109 —0.501 CH2-9 —0.700 —0.079 0.208 
W3-2 0.581 —0.109 —0.494 CH4-9 —0.622 —0.026 0.158 
Cw2 0.582 —0.108 —0.495 SWw9 —0.689 —0.043 0.222 
CDE2 0.581 —0.109 —0.496 W1-9 —0.754 —0.069 0.207 
WH3 0.768 =O5112 —0.369 W2-9 —0.748 —0.062 0.208 
CH2-3 0.720 —0.109 —0.356 W3-9 —0.745 —0.071 0.211 
CH4-3 0.393 —0.047 —0.110 Cw9 —0.751 —0,057 0.205 
Sw3 0.586 —0.060 =0:252 CDC9 —0.748 —(0!053 0.213 
W1-3 0.776 —0.110 —0.338 WHI10 —0.630 0.318 —0.114 
W2-3 0.777 —0.112 —0.350 CH2-10 —0.596 0.293 —0.120 
W3-3 0.777 —0.112 —0.350 CH4-10 —0.534 0.320 —0.065 
CW3 0.777 Ould? — (05355 SW10 —0.582 0.344 —0.074 
CDC3 0.773 —0.114 —0.349 W1-10 —0.641 0.355 —0.128 
WH4 0.819 —0.034 —0.169 W2-10 —0.637 0.332 —0.134 
CH2-4 0.794 —0.035 — Ould W3-10 —0.637 0.332 =—O0133. 
CH4-4 0.318 0.137 0.180 CW10 —0.638 0.344 —0.136 
SWw4 0.645 0.040 —0.047 CDC10 —0.633 0.344 —0.129 
W1-4 0.816 —0.032 —0.156 WHI11 —0.179 0.748 —0.050 
W2-4 0.824 —0.035 —0.170 CH2-11 —0.182 0.736 —0.058 
W3-4 0.828 —0.034 —0.169 CH4-11 —0.143 0.741 0.005 
CWw4 0.830 —0.038 —0.177 SW1l —0.174 0.788 —0.036 
CDC4 0.816 —0.031 —0.156 WI1-11 —0.185 0.755 —0.066 
WHS5 0.860 —0.063 0.068 W2-11 —0.185 0.767 —0.071 
CH2-5 0.842 —0.069 0.047 W3-11 —0.184 0.763 —0.069 
CH4-5 0.382 0.007 0.158 Cwll —0.182 0.769 —0.063 
SW5 0.682 —0.017 0.127 CDC11 —0.178 0.757 —0.056 
WI1-5 0.850 —0.073 0.095 WH12 —0.062 0.830 —0.057 
W2-5 0.862 —0.077 0.072 CH2-12 —0.059 0.840 —0.062 
W3-5 0.867 —0.078 0.058 CH4-12 —0.071 0.620 —0.017 
CW5 0.865 —0.082 0.063 SWw12 —0.063 0.823 —0.046 
CDC5 0.842 —0.072 0.085 Wi1-12 —0.057 0.856 —0.057 
WH6 0.765 —0.180 0.319 W2-12 —0.055 0.856 —0.052 
CH2-6 0.758 —0.182 0.288 W3-12 —0.058 0.848 —0.056 
CH4-6 0.369 —0.074 0.354 CWw12 —0.058 0.847 —0.057 
SW6 0.486 —0.132 0.337 CDC12 —0.060 0.839 —0.056 
W1-6 0.744 —0.187 0.343 WH13 0.007 0.674 0.023 
W2-6 0.771 —0.190 0.306 CH2-13 0.007 0.674 0.023 
W3-6 0.782 —0.191 0.297 CH4-13 0.007 0.674 0.023 
CW6 0.770 —0.194 0.302 SW13 0.007 0.674 0.023 
CDC6 0.731 —0.190 0.327 W1-13 0.007 0.674 0.023 
WH7 0.340 —0.233 0.787 W2-13 0.007 0.674 0.023 
CH2-7 0.349 —0.234 0.749 W3-13 0.007 0.674 0.023 
CH4-7 0.078 —0.085 0.543 CW13 0.007 0.674 0.023 
SW7 0.151 —0.180 0.703 CDC13 0.007 0.674 0.023 
W1-7 0.302 —0.249 0.773 
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Table 38.—Measurements of Haustator cortezi (Bowles). Abbre- 
viations as in Table 10. 


MD MH WN 
USNM 495172 holotype 11.0 30.0 8.0 
USNM 495173 paratype 9.0 22.0 6.0 


mm. Apical angle approximately 15°; pleural angle in- 
creasing slightly until late whorls where it may decrease 
slightly; varying from approximately equal to apical 
angle to slightly greater. Sutures faint, not incised. Pro- 
toconch and earliest teleoconch whorls unknown. Ear- 
liest known whorls having A and C spirals equally 
prominent, with B spiral absent. A spiral expanding in 
later whorls to be much more prominent than C, mak- 
ing whorls adapically carinate, but may be again some- 
what reduced on last whorl. 

Measurements. —See Table 38. 

Stratigraphic and Geographic Distribution.—MX, 
TX: Cook Mountain Formation; upper Claibornian 
Stage, Upper Eocene. 

Type Locality.—near Mier, Tamaulipas, Mexico 
(MX-TA-1). 

Other Localities. —TX-LA-1 (B), TX-LA-2 (B), TX- 
LA-3 (B), TX-LA-4 (B), TX-LA-5 (B), TX-ZA-2 (B), 
TX-ZA-3 (B), TX-ZA-4 (B), TX-ZA-5 (B). 

Type Material. —holotype of 7. cortezi Bowles 
USNM 495172, paratype USNM 495173. 

Remarks/Discussion. — Based on the description giv- 
en by Stenzel and Turner (1942), Allison and Adegoke 
(1969) suggest that the spiral ontogeny in this species 
isiG, By ay > dE, By Ay —d'@& by Ay 2d ©, Ayeabut 
add that the A spiral may appear after B and C. With- 
out well preserved apices, however, the apical sculpture 
formula remains uncertain. If cortezi actually shows a 
pattern similar to other species in the rina group, it is 
probably most closely related to Haustator subrina, 
which also shows extreme development of primaries 
A and C; cortezi differs from subrina chiefly in its small- 
er size, greater apical angle and slightly reduced A rel- 
ative to C on latest whorls. 


Haustator fischeri 
(Palmer in Richards and Palmer, 1953) 
Plate 10, Figure 10 
Turritella fischeri Palmer in Richards and Palmer, 1953, p.14, pl.1, 


f.1-3; Palmer and Brann, 1966, p.988; Allison and Adegoke, 
1969, p.1253; Toulmin, 1977, p.335-6, pl.62,  f.14. 


Description. —Shell medium sized, of 15 to 20 whorls. 
Maximum observed whorl diameter 12.3 mm. Apical 
angle approximately 20°, approximately equal to pleu- 
ral angle. Sutures shallowly incised on early whorls, 


Table 39.— Measurements of Haustator fischeri (Palmer). Abbre- 
viations as in Table 10. 


MD MH WN 
FGS I 7399 holotype 15.1 39.3 5 
FGS I 7400 paratype 6.2 19.4 15 
FGS I 7401 paratype 13.0 31.0 6 
FGS I 7402 paratype 14.8 58.9 12 
FGS I 7403 paratype 14.0 34.0 5) 
FGS I 7400 topotype 16.8 27.9 3 
FLMNH 19122 topotypes 12%5 40 8 
8.9 30 9 


becoming slightly more deeply incised on later whorls. 
Protoconch and earliest teleoconch whorls unknown. 
Earliest known teleoconch whorls (1.2 mm dia.) show- 
ing A, B and C spirals, more or less equally developed. 
By about whorl 8-10, B spiral becoming weaker, con- 
tinuing onto later whorls with whorl profile becoming 
cingulate and C spiral becoming stronger than A. D 
spiral visible only on later whorls, leading to slightly 
basally carinate shape of largest whorls. Secondary sp1- 
rals consisting of one or two above A and one between 
A and B, visible by about whorl 8-10. C and D rarely 
equal in strength, forming cingulate band around base 
of whorl. Weathered specimens often appearing adap- 
ically carinate with rounded carina. Lateral aspect of 
growth line trace usually orthocline, with apex of lateral 
sinus just above middle of whorl. Basal growth line 
trace very simple. 

Measurements. —See Table 39. 

Stratigraphic and Geographic Distribution. —FL: 
Moody’s Branch Formation (Inglis Member); lower 
Jacksonian Stage, Upper Eocene. 

Type Locality.—pit N of town of Gulf Hammock, 
Levy County, Florida (FL-LE-1). 

Other Localities. —FL-LE-2 (RP). 

Type Material. —holotype of T. fischeri Palmer FGS 
I 7399, paratypes FGS I 7400-7403. 

Remarks/Discussion. — Discussing the affinities of 
Haustator fischeri, Allison and Adegoke (1969, p.1254) 
suggest that the simultaneous reduction of the B spiral 
and strengthening of the D spiral ““document the re- 
lation of this distinct species to Turritella rina subsp. 
rina Palmer.” 


Haustator gilberti (Bowles, 1939) 
Plate 7, Figures 4,5 


Turritella carinata I.Lea. Aldrich, 1894, p.235; Brantly, 1920, p.156; 
not 7. carinata 1.Lea,1833, p.129. 

Turritella lineata 1.Lea. Smith, Johnson and Langdon, 1894, p.156; 
not 7. /ineata I.Lea, 1833, p.130. 

Turritella clevelandia Harris. Harris, 1897b, p.32; not 1894b, p.170. 

Turritella clevelandia Harris var. Harris, 1899a, p.74, pl.10, f.2; 
Brann and Kent, 1960, p.907. 
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Table 40.— Measurements of Haustator gilberti (Bowles). Abbre- 
viations as in Table 10. 


MD MH WN 
USNM 494993 holotype 10.0 35.5 11.5 


Turritella gilberti Bowles, 1939, p.302, pl.32, f.16; Stenzel and Tur- 
ner, 1942, card 66; Palmer in Harris and Palmer, 1947, p.291; 
Palmer and Brann, 1966, p.989; Toulmin, 1969, pl. 2, f.10; 1977, 
p.231-232, pl.29, f.7; Dockery, 1980, p.79-80, pl.2, f.2. 


Description. —Shell small to medium sized, of 10 to 
15 whorls. Maximum observed whorl diameter 9.6 
mm. Apical angle 20°; apical and pleural angles ap- 
proximately equal. Sutures moderately incised. Pro- 
toconch suberect, homeostrophic, turbinate, of 1.75- 
2.0 smooth, rounded, somewhat flattened whorls; P1 
small. Apical sculpture formula C, B, A,. Primary spi- 
ral C appearing as angulation just below middle of 
whorl, followed within about 0.5 whorls by primary B 
which appears just above C. Within next whorl B and 
C diverging until C lies in lower 3 of whorl and B just 
below whorl middle. Primary A appearing within 0.5 
whorl after B and quickly attaining strength equal to 
Band C. Primary spirals and slight excavation between 
C spiral and suture giving succeeding teleoconch whorls 
tricarinate, subquadrate appearance. Secondary spirals 
appearing between primaries beginning around whorl 
7 or 8, but remaining faint onto adult whorls. Lateral 
aspect of growth line trace orthocline or slightly pro- 
socline with normally only lower inflection point. Lat- 
eral sinus moderately deep with apex above whorl mid- 
dle. Spiral and basal sinuses moderately deep. 

Measurements. —See Table 40. 

Stratigraphic and Geographic Distribution. —AL, MS, 
GA: Bashi Formation; LA: Marthaville Formation; 
upper Sabinian Stage, Upper Paleocene-Lower Eocene. 

Type Locality.—Woods Bluff, Tombigbee River, 
Clarke County, Alabama (AL-CL-2). 

Other Localities. —AL-CL-1b (B), AL-CL-1c (B), AL- 
CL-1d (B), AL-CO-1 (B), AL-CO-2 (B), AL-DA-3 (US), 
AL-WA-2 (T), AL-BU-4 (T), AL-CL-7 (T), LA-NA- 
14 (L), MS-LA-3 (B), MS-LA-4 (B), GA-RA-3 (MCZ). 

Type Material. —holotype of T. gilberti Bowles USNM 
494993. 

Remarks/Discussion. — There are at least two alter- 
natives for the ancestry of Haustator gilberti, either it 
arose from H. alabamiensis (Whitfield), the only known 
Midwayan species with a C, B, Aj; apical sculpture 
formula, or from an as yet unknown form. Although 
a transition from a/abamiensis to gilberti would have 
involved a size decrease, and this seems to have been 
generally uncommon in turritellid evolution, it seems 
the preferable choice considering the high fossil content 


Table 41.—Measurements of Haustator infans (Stenzel and Tur- 
ner). Abbreviations as in Table 10. 


MD MH WN 
TMM/TBEG 20955 syntype 25 8.5 9 
TMM/TBEG 20956 syntype 2.8 9.3 10 
TMM/TBEG 20957 syntype 3.0 8.5 9 
TMM/TBEG 20958 syntype Sh) 10.5 11 


of Wilcox and Midway Group units that seem to con- 
tain no other plausible ancestor. 


Haustator infans 
(Stenzel and Turner, 1940) 
Plate 8, Figure 10 


Turritella dumblei Harris n.var., Stenzel in Renick and Stenzel, 1931, 
p.102. 

Turritella infans Stenzel and Turner, 1940, p.838, pl.47, f.12-15; 
1942, card 71; Brann and Kent, 1960, p.921; Palmer and Brann, 
1966, p.992. 


Description. —Shell small to very small, known spec- 
imens of fewer than 10 whorls. Maximum observed 
whorl diameter 3.7 mm. Apical angle 19°; apical and 
pleural angles approximately equal. Sutures moderate- 
ly incised. Protoconch suberect, homeostrophic, tur- 
binate, of 1.5-2.0 smooth, slightly flattened whorls; P1 
small. Teleoconch whorls wider than high, straight- 
sided to slightly rounded in profile. Apical sculpture 
formula C, B, A; or C, B, A;. Primary spiral C ap- 
pearing as angulation on lower '3 of whorl, followed 
1.0-1.5 whorls later by A and B, which appear more 
or less simultaneously or B slightly earlier. C remaining 
strongest for 1-2 whorls then all three primaries at- 
taining equal strength and remaining so, giving later 
whorls a tricarinate appearance. Secondary spirals ap- 
pearing on approximately whorl 6-7. Area between C 
spiral and suture somewhat incised giving whorls a 
subquadrate form but base of whorl not concave so 
sutures not very profound in appearance. 

Measurements. —See Table 41. 

Stratigraphic and Geographic Distribution. —TX: Cook 
Mountain Formation (Wheelock Member), Stone City 
Beds; Claibornian Stage, Upper Eocene. 

Type Locality. —‘*Moseley’s Ferry”, Stone City Bluff, 
Brazos River, Burleson County, Texas (TX-BU-1). 

Other Localities. —TX-BU-2 (PB) ? 

Type Material.—syntypes of T. infans Stenzel and 
Turner TMM/TBEG 20955, 20956, 20957, 20958. 

Remarks/Discussion. —Stenzel and Turner note that 
faint beading is present on the spirals but I have not 
seen this on the syntypes. I have examined only the 
four syntypes, and only through the light microscope. 
The species is apparently rare in the fauna of the Stone 
City Beds, and appears genuinely to be a small species, 


74 PALAEONTOGRAPHICA AMERICANA, NUMBER 59 


rather than just the young whorls of a larger form. 
Although examination of SEM is usually required for 
recognition of apical sculpture, the C spiral is promi- 
nent enough on the well preserved type specimens to 
recognize that it is the first to appear. How closely 
associated the appearances of A and B are must await 
SEM study of further material. 

The early whorls of H. infans are very similar to 
those of H. perdita (Conrad) from the Upper Eocene 
Moody’s Branch Formation of the central Gulf, show- 
ing both the same apical sculpture formula and flat- 
tened whorl shape. They differ chiefly in the apparently 
later appearance of primary spirals B and A, and the 
dissociation of B from C when it does appear. Haus- 
tator gilberti (Bowles) is almost certainly on the an- 
cestral line of infans; the two form share small size, 
subquadrate whorl shape and tricarinate late whorl 
sculpture. 


Haustator martinensis (Dall, 1892) 
Plate 15, Figure 3 


Turritella indenta var. martinensis Dall, 1892, p.308; Schuchert, 
Dall, Stanton and Bassler, 1905, p.677. 

Turritella indenta Conrad. McCallie, 1908, p.357; not 7.indenta 
Conrad, 1841. 

Turritella martinensis Dall. Cooke, 1915, p.111; Bowles, 1939, p.282, 
pl.31, f.10; Stenzel and Turner, 1942, card 77; Palmer and Brann, 
1966, p.993; Nicol, Shaak, and Hoganson, 1976, p.137ff, f.2. 

Torcula martinensis martinensis (Dall). Allison and Adegoke, 1969, 
p.1263, pl.148, f.5. 

Torcula martinensis henkeri Adegoke in Allison and Adegoke, 1969, 
p.1263-5, pl.147, f.2, pl.148, f.8,12, text-f.2,A,B,D,F,G. 


Description. —Shell medium sized, of 15-20 whorls. 
Maximum observed whorl diameter 13.0 mm. Apical 
angle approximately 17°; pleural angle approximately 
equal. Sutures moderately incised. Protoconch and ear- 
liest teleoconch whorls unknown. Earliest known whorls 
showing A and C spirals more or less prominent. C 
spiral expanding with basal portion of whorl in later 
whorls, until whorls very slightly basally carinate. B 
spiral never more than faint thread on later whorls in 
middle of wide sulcus at mid-whorl. At least on other 
faint thread in sulcus on later whorls. 

Measurements. —See Table 42. 

Stratigraphic and Geographic Distribution. —FL: 
Crystal River Formation; GA?, MS?; Dept. Bolivar, 
Colombia; Middle to Upper Eocene. 

Type Locality.—Martin Station, Marion County, 


Table 42.—Measurements of Haustator martinensis (Dall). Ab- 
breviations as in Table 10. 


MD MH WN 
USNM 498390 lectotype 12.9 35.5) 8.5 


Florida (FL-MA-1) (not Hernando County as often 
stated; Nicol et al., 1976). 

Other Localities. —FL-. 

Type Material.—lectotype of 7. martinensis Dall 
USNM 498390, syntypes USNM 112589, hypotype 
(Allison and Adegoke, 1969) UCMP 33743; holotype 
of Torcula martinensis henkeri Adegoke UCMP 32466, 
paratypes UCMP 32928, 32922, 32927, 32946, 32959, 
32986, 33057. 

Remarks/Discussion.—The stratigraphic and geo- 
graphic distribution of this species have been unclear 
since its description. Allison and Adegoke (1969) con- 
sider records of the species from the Ocala Limestone 
and Barnwell Formation of Georgia (Bowles, 1939, 
p.283), the Forest Hills Sand of Mississippi (MacNeil, 
1944, pp.1317,1326,1327), and Oligocene strata from 
Citrus County, Florida (Vernon, 1951, pp.166, 174- 
175) to be questionable, and perhaps assignable to oth- 
er species such as H. fisheri (Palmer) or H. subtilis 
(Kellum). Chiefly on the basis of associated macrofos- 
sils, Allison and Adegoke believe H. martinensis from 
the type area to be of Oligocene age, possibly restricted 
to the Early Oligocene (assumed by MacNeil, 1944, 
1946) who used the species as a guide fossil for this 
interval. Nicol et a/. (1976), however, have pointed out 
that on the basis of microfaunas the limestones from 
the vicinity of Martin are of Late Eocene age and con- 
clude that, whatever the age of putative occurrences 
elsewhere, H. martinensis in the type area is of Late 
Eocene age. They also note that this redetermination 
is consistent with the age of the subspecies (“7. m. 
henkeri’’) described by Adegoke (in Allison and Ade- 
goke, 1969) from Middle to Upper Eocene deposits of 
Colombia. 

Allison and Adegoke (1969) place H. martinensis in 
the genus Jorcula Gray as its earliest known species, 
chiefly on the basis of its inferred apical sculpture for- 
mula, which they suggest is d C, b,; A, based on the 
earliest observed teleoconch whorls. These authors are 
not specific about the ancestry of H. martinensis, but 
suggest (1969, p.1265) that some member of their 
*Turritella rina group” (= Haustator herein) is ances- 
tral to Torcula. 


Haustator perdita (Conrad, 1865b) 
Plate 8, Figure 1-9 


Turritella perdita Conrad, 1865b, p.141, pl.10, f.10; 1866, p.11; 
Bowles, 1939, p.307, pl.32, f.11; Stenzel and Turner, 1942, card 
90; Palmer in Harris and Palmer, 1947, p.292, pl.37, f.1-3,6,8- 
11; Brann and Kent, 1960, p.930-1; Palmer and Brann, 1966, 
p.1000; Dockery, 1977, p.45, pl.3, 8,9; Toulmin, 1977, p.336, 
pl.62, f.ll. 

Turritella jacksonensis Cooke, 1926, p.136, f.8. 

Turritella lowei Cooke, 1926, p.136, f.9. 
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Turritella perdita jacksonensis Cooke. Stenzel and Turner, 1942, card 
72; Palmer im Harris and Palmer, 1947, p.294, pl.37, f.4,5,7,12, 
copy Cooke, 1926; Brann and Kent, 1960, p.931; Palmer and 
Brann, 1966, p.1001; Dockery, 1977, p.45, pl.3, f.7; 1980, p.82, 
pl.56, .8,11,12. 

Turritella perdita lowei Cooke. Stenzel and Turner, 1942, card 76. 


Description. —Shell small to medium sized, of 15- 
20 whorls. Maximum observed whorl diameter 13.3 
mm. Apical angle 16°; apical and pleural angles usually 
approximately equal, but pleural may be slightly great- 
er. Sutures moderately incised. Protoconch suberect, 
homeostrophic, turbinate but slightly flattened, con- 
sisting of approximately 1.75—2.0 smooth, rounded 
whorls; P1 small. Teleoconch whorls wider than high, 
straight-sided to concave in profile. Apical sculpture 
formula C, B, A;. Primary spiral C appearing as an- 
gulation just below middle of whorl and quickly be- 
coming prominent. Primary B appearing 0.5—1.0 whorls 
later at or just above middle of whorl, at variable dis- 
tance above C, and quickly achieving approximately 
equal strength. B and C immediately diverging until C 
lies in lower '3 of whorl and B at around middle. Pri- 
mary A appearing in top '3 of whorl 0.5—1.0 whorls 
after B, and in most forms quickly becoming approx- 
imately equal in strength to B and C. Presence and 
strength of secondaries after appearance of A variable. 
Minor spirals may be limited to single weak second- 
aries between primaries or primaries decreasing in 
strength until entire whorl covered by numerous, even- 
ly spaced, equally fine spirals. Primaries often showing 
minor beading on intermediate whorls. Beyond inter- 
mediate whorls, B spiral decreasing in strength, whorl 
width contracting between primaries A and C, giving 
later whorls a slightly concave profile. Primary C usu- 
ally strongest on latest whorls of larger specimens. Area 
between C spiral and suture more or less excavated, 
giving whorls a subquadrate aspect. Lateral aspect of 
growth line trace orthocline to slightly prosocline, usu- 
ally with upper and lower inflection points and mod- 
erately deep sinus whose apex may be above, below or 
on whorl middle. Spiral and basal sinuses of shallow 
to moderate depth. 

Measurements. —See Table 43. 

Stratigraphic and Geographic Distribution. —MS, LA: 
Moodys Branch Formation; lower Jacksonian Stage, 
Upper Eocene. 

Type Locality.—T. perdita Conrad, Garland Creek, 
Clarke County, Mississippi (MS-CL-3); 7. p. jackso- 
nensis Cooke, T. p. lowei Cooke, Moody’s Branch, 
Jackson, Hinds County, Mississippi (MS-HN-4). 

Other Localities. -MS-CL-3 (B), MS-CL-15 (MCZ), 
MS-HN-1b (B), MS-HN-le (B), MS-HN-3 (D), MS- 
HN-6 (D), MS-YZ-2 (D), LA-RA-3 (B), LA-GR-1 (D). 


Table 43.— Measurements of Haustator perdita (Conrad). Abbre- 
viations as in Table 10. 


MD MH WN 
ANSP 13232 lectotype 1233) 41.3 13 
ANSP 13232 paralectotype 10.5 35:1 10 
ANSP 13232 paralectotype 10.6 37.6 10 
USNM 353944 1S 20.0 8 
USNM 353945 TS 23.0 8 
MS-CL-15 1333 45.0 14 
MS-HN-3 8.6 25.0 9 
MS-YZ-2 8.3 20.0 9 
MS-CL-3 Lass 25.0 13 
LA-GR-|1 Le 35.0 13 


Type Material.—lectotype and 2 paralectotypes of 
T. perdita Conrad ANSP 13232; holotype of T. jack- 
sonensis Cooke USNM 353944; holotype of 7. /owei 
Cooke USNM 353945. 

Remarks/Discussion. — Results of multivariate mor- 
phometric analysis on perdita sensu lato are presented 
in Text-figure 21. A total of 67 variables was measured 
on 68 specimens. The first three factor axes account 
for 60.1% of the total variance in the data set (Table 
44). Loadings on the first three factors (Table 45) in- 
dicate that variables on the eighth, ninth and tenth 
whorls load most heavily on the first factor, whereas 
variables from the fifth and sixth whorls load most 
heavily on the second factor and variables on first and 
second whorls load most heavily on the third factor. 
It is clear from the distribution of specimens that there 
are no discrete groupings represented, but rather a con- 
tinuum of variation, especially along axes representing 
variation on later whorls. In light of this pattern, there 
appears to be little justification for recognizing more 
than a single distinct taxon within perdita. There is, 
however, some degree of differentiation within perdita 
in the Moody’s Branch Formation by locality. As in- 
dicated by the Measurements listed above, H. perdita 
from Clarke County is consistently larger than those 
from the Jackson area. Specimens from two localities 
in Clarke County in eastern Mississippi (Chickasawhay 
River and Garland Creek, MS-CL-15, MS-CL-3) show 
similar mean values but different amounts of variation, 
whereas specimens from 130 km to the east at Riv- 
erside Park in Jackson, in central Mississippi (MS-HN- 
6) shows a different mean and much less variation. 

This variation may be due to environmental vari- 
ation within the Moodys Branch sea. As discussed by 
Dockery (1977), and Hansen and Elder (1981), there 
is heterogeneity among depositional environments 
represented in the Moodys Branch Formation across 
its outcrop. Some of this variation is attributable to 
facies differences across roughly synchronous shelf en- 
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XK Riverside Park 


@ Garland Creek 


A Chickasawhay River 


T. perdita 


Factor 1 


Text-figure 21.—Results of factor analysis of specimens of Haustator perdita (Conrad), first and second factor axes. * represents specimens 
from Riverside Park in Jackson, Hinds County, MS (locality MS-HN-6). @ represents specimens from Garland Creek, Clarke County, MS 
(locality MS-CL-3). & represents specimens from the Chickasawhay River, Clarke County, MS (locality MS-CL-15). See Appendix | for 


specimens used and details of analysis. 


vironments, but some may also represent changes in 
environments through time. H. perdita appears to re- 
flect this heterogeneity particularly well, showing a great 
variety of forms across its relatively restricted strati- 
graphic and geographic range. At the Town Creek lo- 
cality in Jackson, Mississippi (MS-HN-3) H. perdita 
is the most abundant turritellid (Dockery, 1977, pers. 
comm.), whereas less than 6 km away at Riverside 
Park (MS-HN-6) Palmerella alveata (Conrad) is most 
abundant (pers. obs.). 


Haustator rina (Palmer, 1937) 
Plate 10, Figures 1,4,5 
Turritella mortoni Conrad. Tuomey, 1848, p.159; not Conrad, 1830. 


Turritella carinata 1. Lea. Aldrich, 1886a in part, p. 46; not I. Lea, 
1833. 


Table 44.—Results of factor analysis of specimens of Haustator 
perdita (Conrad). Variance explained by first five factor axes. 


cumulative proportion 


Factor of variance 
l 0.3051 
2 0.4639 
3 0.6010 
4 0.6748 
5 0.7417 


Turritella carinata var. praecarinata Harris. Cooke, 1936, p.63, no- 
men nudum, not T. praecarinata Douvillé, 1904. 

Turritella rina Palmer, 1937, p.192, pl.22, f.3,4,9; in Harris and 
Palmer, 1947, p.296; Bowles, 1939, p.277, pl.31, f.17; Stenzel and 
Turner, 1942, card 98; Brann and Kent, 1960, p.933,934; Glibert, 
1962, p.99; Palmer and Brann, 1966, p.1003; Toulmin, 1977, 
p.305, pl.51, f.9; Dockery, 1980, p.79, pl.29, f.2,3,5,7. 

Turritella rina carolina Palmer, 1937, p.194, pl.22, f.6; in Harris 
and Palmer, 1947, p.296; Bowles, 1939, p.280; Stenzel and Turner, 
1942, card 53; Brann and Kent, 1960, p.934,935; Glibert, 1962, 
p.99; Palmer and Brann, 1966, p.1003; Allison and Adegoke, 1969, 
pl257. 

Turritella wechesensis Bowles, 1939, p.281, pl.31, f.8,14; Stenzel and 
Turner, 1942, card 108. 

Turritella rina wechesensis Bowles. Palmer in Harris and Palmer, 
1947, p.296; Palmer and Brann, 1966, p.1004. 

Turritella rina rina Palmer. Allison and Adegoke, 1969, p.1256. 

Turritella rina Palmer var. Dockery, 1980, p.79, pl.2, f.1. 


Description. —Shell medium sized to large, of 15 to 
20 whorls. Maximum observed whorl diameter 21.2 
mm. Apical angle 18°; pleural angle usually greater than 
apical angle. Sutures deeply incised. Protoconch sub- 
erect, homeostrophic, turbinate, of approximately 1.75- 
2.0 smooth, rounded, somewhat flattened and inflated 
whorls; Pl small. Apical sculpture formula C, B, A;. 
Primary spiral C appearing as faint angulation just 
below middle of whorl, followed within 0.5 whorl by 
B spiral just above C. B and C quickly diverging and 
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Table 45.—Results of factor analysis of specimens of Haustator perdita (Conrad). Rotated factor loadings of each variable on each of the 


first three factor axes. Variables as indicated in Text-figure 3. 


Variable factor 1 factor 2 factor 3 
WHI —0.005 —0.089 0.794 
SWl —0.005 —0.089 0.794 
Wi-l —0.005 —0.089 0.794 
W2-1 —0.005 —0.089 0.794 
W3-1 —0.005 —0.089 0.794 
CH1 —0.005 —0.089 0.794 
WH2 0.335 —0.061 0.684 
SW2 0.334 —0.079 0.615 
W1-2 0.335 —0.059 0.689 
W2-2 0.341 —0.050 0.676 
W3-2 0.338 —0.056 0.682 
CH2 0.339 —0.059 0.680 
WH3 0.648 —0.120 0.459 
SW3 0.606 —0.071 0.363 
W1-3 0.674 —0.053 0.448 
W2-3 0.667 —0.083 0.441 
W3-3 0.657 —0.101 0.447 
CH3 0.659 —0.098 0.444 
WH4 —0.049 —0.160 —0.082 
Sw4 0.617 —0.381 0.078 
W1-4 0.742 = (5223) 0.195 
W2-4 0.732 —0.260 0.176 
W3-4 0.730 —0.285 0.185 
CH4 0.724 —0.300 0.175 
WHS 0.814 —0.238 —0.006 
SW5 0.699 —0.310 —0.105 
W1-5 0.838 —0.090 0.000 
W2-5 0.835 —0.124 —0.009 
W3-5 0.832 —0.160 —0.010 
CHS5 0.828 —0.158 0.005 
WH6 0.760 —0.160 —0.131 
SW6 0.592 —0.145 —0.164 
W1-6 0.786 0.064 =0:127 


B quickly becoming as strong or stronger than C. Pri- 
mary A appearing on upper '3 of whorl within 0.25 
whorl after B, but not reaching strength equal to C for 
three to four whorls by which point B becoming weak- 
er. B rapidly becoming obsolete and disappearing by 
whorl 8-9. If present, secondaries very faint. Spirals A 
and C persisting at moderate strength throughout on- 
togeny, area between becoming concave. Whorl profile 
below C spiral and above suture usually relatively 
straight-sided leading to prominent D spiral. By about 
whorl 15, point of adapical contact between succeeding 
whorls beginning to move inward; D spiral becoming 
sharp and prominent basal carina. Lateral aspect of 
growth line trace slightly prosocline, usually with upper 
and lower inflection points and moderately deep lateral 
sinus with apex just above whorl middle. Spiral and 
basal sinuses moderately deep. 

Measurements.—See Table 46. 

Stratigraphic and Geographic Distribution. —H. rina 
s.s.: AL: Lower and Upper Lisbon Formation; MS, LA: 
Cook Mountain Formation; SC, GA: McBean 


Variable factor 1 factor 2 factor 3 
W2-6 0.788 0.004 —0.146 
W3-6 0.784 —0.052 =O}151 
CH6 0.773 —0.091 —0.150 
WH7 0.369 —0.050 —0.689 
Sw7 0.087 —0.288 =O0:511 
WI1-7 0.411 0.236 —0.632 
W2-7 0.417 0.184 —0.658 
W3-7 0.412 0.099 —0.672 
CH7 0.392 0.077 —0.670 
WH8 0.038 0.374 —0.101 
Sws —0.245 0.518 —0.236 
WI1-8 —0.116 0.749 —0.215 
W2-8 —0.123 0.742 —0.227 
W3-8 —0.129 0.727 —0.229 
CH8 —0.130 0.701 —0!22'5 
WH9 —0.091 0.871 —0.139 
Sw9 —0.076 0.810 —0.148 
Wi-9 —0.099 0.886 —0.128 
W2-9 —0.095 0.881 —0.134 
W3-9 —0.106 0.876 —0.133 
CH9 —0.085 0.852 —0.125 
WH10 —0.117 0.851 0.043 
SW10 —0.025 0.803 0.028 
W1-10 —0.145 0.846 0.048 
W2-10 =—O37 0.849 0.043 
W3-10 —0.135 0.849 0.044 
CH10 —0.107 0.836 0.048 
WHI1 —0.324 0.523 0.035 
SW1l —0.286 0.507 0.029 
Wi-11 —0.338 0.521 0.040 
W2-11 —0.336 0.521 0.040 
W3-11 —0.335 0.523 0.040 


Formation’; H. rina carolina: SC: McBean Formation®; 
H. rina wechesensis: TX: Weches Formation; Clai- 
bornian Stage, Middle Eocene. 

Type Localities.—T. rina s.s.: Claiborne Bluff, Ala- 
bama River, Monroe County, Alabama (AL-MO- Ib). 
T. rina carolina: Orangeburg County, South Carolina 
(SC-OR-1). T. rina wechesensis: well at Percilla, Hous- 
ton County, Texas (TX-HO-13). 

Other Localities. —T. rina s.s.. AL-MO-4 (B), AL- 
CL-13 (B), AL-CN-1 (B), MS-CL-1 (B), MS-CL-2 (B), 
MS-CL-16 (B), MS-CL-17 (B), MS-NE-1 (B), MS-NE-9 


Table 46.— Measurements of Haustator rina (Palmer). Abbrevi- 
ations as in Table 10. 


MD MH WN 
PRI 2874 holotype 18.0 47.0 9.5 
PRI 2868 paratype 10.0 25.0 ES 
MCZIP 29348 50.1 Le 12.0 


8 See Footnote 3, p.46. 
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(B), MS-NE-10 (B), MS-NE-11 (B), LA-WI-1 (B), GA- 
BU-3 (B), SC-AI-1 (B), SC-LE-1 (B), SC-WI-1 (B); 7. 
r. wechesensis. TX-RO-12 (B), TX-BA-3 (PB). 

Type Material.—holotype of 7. rina Palmer PRI 
2874, paratypes PRI 2868, 2869; holotype of 7. rina 
carolina Palmer PRI 2872; holotype of 7. rina we- 
chesensis USNM 497958 paratype USNM 497959. 

Remarks/Discussion. — As already discussed, Haus- 
tator rina and H. carinata are very similar, both show- 
ing basal carination by expansion of the D spiral. Al- 
though it shows its first occurrence later than H. rina, 
H. carinata probably diverged independently from a 
common ancestor with rina, rather than from rina it- 
self; it seems unlikely that a lineage would sharply 
reduce its B spiral, as rina and its close relatives do, 
and then give rise to a descendant with a better de- 
veloped B, such as carinata. 


Haustator rivurbana (Cooke, 1926) 
Plate 10, Figure 3 


Turritella rivurbana Cooke, 1926, p. 136, f.10; Bowles, 1939, p.283; 
Stenzel and Turner, 1942, card 99; Palmer in Harris and Palmer, 
1947, p.295, pl.38, f.6,7,9, f.8, copy Cooke, 1926; Brann and Kent, 
1960, p.935; Palmer and Brann, 1966, p.1004; Dockery, 1977, 
p.45-6, pl.3, f.6. 

Turritella rivurbana rivurbana Cooke. Allison and Adegoke, 1969, 
p.1257-8. 

Turritella rivurbana chiapasensis Allison in Allison and Adegoke, 
1969, p.1258-9, pl.147, .3,5,6,8-12,14, pl.148, f.2,11. 

Turritella rivurbana mexicana Allison in Allison and Adegoke, 1969, 
p.1259-62, pl.147, f.4,13, pl.148, f.1,3,4,6,7,9,10,13,14. 


Description. —Shell small to medium sized, of about 
15 whorls. Maximum observed diameter approxi- 
mately 8.6 mm. Apical angle approximately 20°; pleu- 
ral angle approximately equal. Sutures moderately 
strongly incised. Protoconch and earliest teleoconch 
whorls unknown. Earliest known whorls showing A 
and C spirals with C spiral stronger. B spiral often 
present as thin thread, slightly closer to C than A. 
Sulcus between A and C spirals becoming broader with 
age. A and C staying very sharp and narrow, C always 
slightly stronger. Weak D spiral on later whorls form- 
ing a slight basal carination. 

Measurements. —See Table 47. 

Stratigraphic and Geographic Distribution. —MS: 
Moodys Branch Formation; lower Jacksonian Stage, 
Upper Eocene. 


Table 47.—Measurements of Haustator rivurbana (Cooke). Ab- 
breviations as in Table 10. 


MD MH WN 
USNM 353946 holotype 8.0 17-5 4.5 
unnumbered MGS specimen 8.6 30.3 16.5 


Type Locality. —Town Creek, Jackson, Hinds Coun- 
ty, Mississippi (MS-HN-3). 

Other Localities. -MS-HN-6 (D), MS-YZ-1 (B), MS- 
YZ-6 (B). 

Type Material.—holotype of 7. rivurbana Cooke 
USNM 353946; holotype of 7. rivurbana chiapacensis 
Allison UCMP 12361, paratypes UCMP 30099, 30100, 
31300, 32108, 32161, 32403, 32404, 32601, 32604, 
32634; holotype of 7. rivurbana mexicana Allison 
UCMP 30091, paratypes UCMP 32638, 32639, 32645, 
32646, 32648, 32650. 32652, 32657, 32691, 32699, 
B2TSie3 2199. 

Remarks/Discussion. —H. rivurbana is rare in the 
Moodys Branch Formation (pers. obs.; D.T.Dockery, 
pers. comm.). Allison and Adegoke (1969) have sug- 
gested that the Moodys is not the first occurrence of 
the species and have described a subspecies (H. r. mex- 
icana) of “latest middle Eocene age” from near Si- 
mojovel, Chiapas, Mexico. These authors also, how- 
ever, reiterate the suggestion of Palmer (in Harris and 
Palmer, 1947, p.296) that rivurbana is so similar to H. 
rina §.s., differing principally in size, that it may be 
conspecific with it, in which case the Mexican form 
would be a form of H. rina of approximately the same 
age. H. rivurbana is more similar to H. martinensis 
(Dall) than is H. fischeri (Palmer), and may be an in- 
termediate form between Claibornian rina group spe- 
cies and the Upper Eocene to Recent genus Torcula 
Gray (cf., Allison and Adegoke, 1969). 


Haustator subrina (Palmer, 1937) 
Plate 10, Figure 2 

Turritella eurynome Whitfield. Aldrich, 1894, p.233, not p.237; not 
Whitfield, 1865. 

Turritella rina subrina Palmer, 1937, p.194, pl.22, f.1,2,5,7,8,10,11; 
Bowles, 1939, p.279, pl.31, f.16; Stenzel and Turner, 1942, card 
103; Harris and Palmer, 1947, p.296; Brann and Kent, 1960, p. 
934,935; Glibert, 1962, p.99; Palmer and Brann, 1966, p.1003, 
as sabrina [sic]; Allison and Adegoke, 1969, p.1257; Toulmin, 
1977, p.305, pl.51, f.6. 


Description. —Shell medium sized to large, probably 
of 15 to 20 whorls. Maximum observed whorl diameter 
20.0 mm. Apical angle 23°; pleural angle usually slight- 
ly less than apical angle. Protoconch and earliest apical 
whorls unknown. Early ontogeny of spiral sculpture 
resembling that of Haustator rina (Palmer), but pri- 
mary spirals A and C becoming more prominent more 
quickly; B often weakening and becoming obsolete ear- 
lier. Although C stronger than A on earlier whorls, A 
becoming stronger on later whorls, often expanding to 
form adapically flaring carina on upper '3 of whorl. 
Secondary spiral R becoming moderately prominent 
just below suture on late whorls, as does D, although 
not to degree shown in H. rina. Fine secondary visible 
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Table 48.— Measurements of Haustator subrina (Palmer). Abbre- 
viations as in Table 10. 


MD MH WN 
PRI 2866 syntype 15.0 17.0 2.0 
PRI 2867 syntype 10.0 10.0 2.0 
PRI 2870 syntype 22.0 68.0 6.0 
PRI 2871 syntype 12.0 33.0 8.0 
PRI 2875 syntype 14.0 41.0 8.0 
USNM 495171 14.0 42.0 15.0 
MCZIP 29304 20.9 58.8 8.5 


below A spiral on late whorls. Growth line trace as in 
H. rina, except that lateral sinus may be somewhat 
deeper. 

Measurements. —See Table 48. 

Stratigraphic and Geographic Distribution. —AL: 
Upper and Lower Lisbon Formation; TX, MS: Cook 
Mountain Formation; SC: McBean Formation’; mid- 
dle—upper Claibornian stage, Middle Eocene. 

Type Locality.—1 mile S of Lisbon Landing, Ala- 
bama River, Monroe County, Alabama (AL-MO-4d). 

Other Localities. —AL-MO-1b (B), AL-CL-13 (B), 
TX-HO-2 (B), TX-LE-12 (B), TX-SA-3 (PB), MS-NE-2 
(PB), MS-CL-1 (PB), SC-OR-1 (PB), SC-OR-3 (PB), 
SC-OR-7 (PB). 

Type Material. —syntypes of T. rina subrina Palmer 
PRI 2866, 2867, 2870, 2871, 2873, 2875. 

Remarks/Discussion. — Although Palmer designated 
subrina as a subspecies of Haustator rina, she described 
it as morphologically distinct. This highly sculptured 
form in fact co-occurs with H. rina in the Lisbon and 
Cook Mountain formations without morphological in- 
termediates. It is clearly closely related to rina, but its 
extreme development of primaries A and C, without 
the basal carination and development of D, distinguish 
it. The lack of intermediates between distinct co-oc- 
curring morphotypes argues for recognition of two sep- 
arate species-level taxa. 


Haustator subtilis (Kellum, 1926) 
Plate 15, Figure 4 


Turritella subtilis Kellum, 1926, p.27, pl.5, f.5; not Stephenson, 1927, 
p.21 [= T. kellumi Stephenson, 1939, fide Palmer and Brann, 
1966]; Bowles, 1939, p.283; Stenzeland Turner, 1942, card 104, 
f.5; Palmer and Brann, 1966, p.1005. 


Description. —Shell small to medium sized, of ap- 
proximately 15 whorls. Apical angle approximately 15°; 
pleural angle approximately equal. Protoconch and 
earliest teleoconch whorls unknown. Sutures slightly 
incised. Earliest known whorls showing A,B and C 


° See Footnote 3, p.46. 


Table 49.— Measurements of Haustator subtilis (Kellum). Abbre- 
viations as in Table 10. 


MD MH WN 
USNM 353240 holotype 7.0 24.0 10.0 


spirals with C strongest and A and B of approximately 
equal strength. B spiral weakening to a fine thread and 
whorl becoming cingulate by whorl 6-8. Adult whorls 
not markedly carinate. Second, equally fine thread 
joining the B spiral on later whorls; two approximately 
equally spaced between the A and C spirals. 

Measurements. —See Table 49. 

Stratigraphic and Geographic Distribution. —NC: 
Castle Hayne Formation; Middle Eocene. 

Type Locality. —city rock quarry near Smith Creek, 
E side of Wilmington, New Hanover County, North 
Carolina. 

Other Localities. —known only from the type local- 
ity. 

Type Material.—holotype of 7. subtilis Kellum 
USNM 353240. 

Remarks/Discussion. —This form is known from a 
single specimen, an external mold in glauconitic marl. 
Bowles (1939, p.283) suggests that it is closely related 
to T. martinensis Dall and to T. rivurbana Cooke, both 
of which are herein placed in Haustator, differing from 
these species in being ‘“‘more slender and more grad- 
ually tapering. . .”. and having whorls ‘“‘marked by more 
prominent secondary lirae.”’ Allison and Adegoke 
(1969) agree, and tentatively include it in their rina 
group. The holotype of subtilis differs from martinensis 
in having A and C spirals narrower, sharper and less 
pronounced, and the sulcus is accordingly shallower. 
The B spiral and faint secondaries in the sulcus are 
stronger than in martinensis. 


Haustator tennesseensis (Gabb, 1860) 
Plate 7, Figures 6-9 


Turritella tennesseensis Gabb, 1860, p.392, pl.68, f.13; Harris, 1896, 
p.108, pl.11, £.5; Aldrich, 1921, p.25; Bowles, 1939, p.284, pl.32, 
f.12; Stenzel and Turner, 1942, card 105, f.5; Brann and Kent, 
1960, p.938, Palmer and Brann, 1966, p.1005. 

Turritella sp., Lowe, 1933, p.9. 

Turritella mortoni Conrad. Lowe, 1933, p.10 in part, stations 6496 
and 6497 only; not Conrad, 1830. 


Description. —Shell small to medium sized, of 15 to 
20 whorls. Maximum observed whorl diameter 9.5 
mm. Apical angle 17°; apical and pleural angles ap- 
proximately equal. Protoconch suberect, homeos- 
trophic, turbinate but flattened, of about 2.5 smooth, 
rounded whorls; P1 small. Protoconch and earliest te- 
leoconch whorls unusually tall, almost columnar, with 
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Table 50.— Measurements of Haustator tennesseensis (Gabb). Ab- 
breviations as in Table 10. 


MD MH WN 


Table 51.—Measurements of Haustator vaughani (Bowles). Ab- 
breviations as in Table 10. 


MD MH WN 


USNM 497989 hypotype 9.5 25.5 7.0 


very small apical angle, increasing on around second 
or third teleoconch whorl. Apical sculpture formula C, 
B, A. Primary spirals B and C appearing approxi- 
mately simultaneously on lower 2 of whorl, C as rel- 
atively sharp angulation just above suture and B as 
faint prominence just below whorl middle. B quickly 
becoming stronger, forming subcentral keel for several 
whorls. Primary A spiral appearing as faint ridge in 
middle of upper 2 of whorl. B soon surpassed by C as 
whorl profile changes to trapezoidal, widest on the bot- 
tom, then to hourglass-shaped as whorl middle con- 
stricts. Profile of latest whorls markedly concave, still 
slightly wider at the bottom. Spiral ribs greatly reduced 
in strength. Lateral aspect of growth line trace slightly 
prosocline, lacking well developed inflection points. 
Lateral sinus only of moderate depth. Basal aspect of 
growth line trace not observed. 

Measurements. —See Table 50. 

Stratigraphic and Geographic Distribution.—TN, MS: 
Clayton Formation; lower Midwayan Stage, Lower Pa- 
leocene. 

Type Locality. —‘‘Hardeman County, Tenn., marls 
of the Ripley Group” (Gabb, 1860). 

Other Localities. —TN-HA-7a (B), TN-HA-7b (B), 
MS-TI-8 (B), MS-TI-9 (B), MS-TI-10 (B). 

Type Material. —holotype of 7. tennesseensis Gabb 
unknown (fide Bowles, 1939; Palmer and Brann, 1966, 
p.1005), hypotype (Bowles, 1939) USNM 497989. 

Remarks/Discussion. —This species is allied with 
Palmerella dutexata (Harris) and P. lisbonensis (Bowles) 
in the ‘“‘bicostate group” by Bowles (1939). Examina- 
tion of early apical sculpture by SEM, however, sug- 
gests that its affinities lie with the “7. rina group” and 
that it should be placed in Haustator. 


Haustator vaughani (Bowles, 1939) 
Plate 15, Figure 5 


Turritella vaughani Bowles, 1939, p.282, pl.32, f.14; Stenzel and 
Turner, 1942, card 107, f.14; Palmer and Brann, 1966, p.1006. 


Description. —Shell very small, of 15-18? whorls. 
Largest observed whorl diameter 2.2 mm. Protoconch 
and earliest teleoconch whorls unknown. Apical angle 
approximately 10°; pleural angle approximately equal. 
Shell elongate, narrow and straight-sided. Earliest 
known whorls bearing only subequal, rounded A and 
C spirals, with no trace of B spiral. A becoming slightly 


USNM 497955 holotype 2.2 10.1 WES) 


stronger on later whorls; otherwise whorls gently curved, 
cingulate in profile. Very faint trace of one to two threads 
above A, at least one below C on later whorls. Sutures 
only slightly incised. Growth lines not visible. 

Measurements. —See Table 51. 

Stratigraphic and Geographic Distribution. —SC: 
McBean Formation!®; upper Claibornian Stage, Mid- 
dle Eocene. 

Type Locality. —Poosers Hill, 5.1 mi N of Orange- 
burg, Orangeburg, South Carolina (SC-OR-6). 

Other Localities. —known only from the type local- 
ity. 

Type Material.—holotype of 7. vaughani Bowles 
USNM 497955. 

Remarks/Discussion. —Commenting on the phylo- 
genetic position of this species, Allison and Adegoke 
write: “The relationships of Turritella vaughani are in 
doubt. This species is known from only two specimens, 
the holotype and a topotype. Allison examined them 
and is of the opinion that they represent only portions 
of the juvenile whorls. The pleural angle of this species 
is extrmely narrow; the earliest whorls bear A and C 
with no sign of other ribs, although the earliest apical 
whorls and protoconch are missing. This species may 
have had an early tricostate or near tricostate stage, in 
which case it would belong to the 7urrite/la rina group, 
but in the absence of the early apical whorls it is im- 
possible to evaluate its relationships. It seems doubtful, 
however, that it belongs to Torcula” (1969, p.1262). 


Genus ? (“7urritella humerosa group’’) 


Remarks/Discussion. — Of all the species considered 
in detail in this paper, the least is known about those 
comprising the humerosa group. I have been able to 
find well preserved apices only for Turritella aldrichi 
Bowles, and sample size of several other species (7. 
biboraensis Gardner, T. claytonensis Bowles, T. gard- 
nerae LeBlanc) are very small or preservation is poor 
(T. toulmini, new species). These species are united 
only by their distinctive whorl profile, a character be- 
lieved to be prone to homoplasy, and so might not 
comprise a monophyletic group. Phylogenetic conclu- 
sions about these species are therefore especially dif- 
ficult. The origins of the four larger Late Paleocene 


10 See Footnote 3, p.46. 
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species is the biggest mystery. As discussed in more 
detail in the descriptions below, 7. humerosa differs 
from multilira, praecincta and eurynome in having a 
broad, rounded carina made up of several spiral ribs, 
whereas the carinae of the others is sharper and com- 
posed of only the expanded R secondary spiral rib. T. 
humerosa occurs only on the Atlantic coast, 7. mul- 
tilira Whitfield and 7. eurynome Aldrich only on the 
Gulf coast, and 7. praecincta Conrad in both areas. 

In Maryland the Aquia Formation, containing prae- 
cincta and humerosa, is unconformably underlain by 
the Brightseat Formation containing the very similar 
T. “prehumerosa” Govoni (1983; Govoniand Hansen, 
in press). On the Gulf coast, the time represented by 
the unconformity between the Brightseat and Aquia 
appears to be represented by the highly fossiliferous 
Matthews Landing Marl Member of the Porters Creek 
Formation. This unit contains no humerosa-like forms 
other than T. aldrichi. It is possible that humerosa (and 
praecincta?) evolved from “‘prehumerosa” on the At- 
lantic coast, whereas eurynome and multilira (and 
praecincta?) arose from a/drichi on the Gulf coast. Al- 
ternatively, all three Gulf coast forms could have been 
derived from Atlantic coast ancestors, and aldrichi 
could have been a sterile branch, related or unrelated 
to the others. Given the data presently available, all 
that can be done at this point is to put forth these 
alternatives in the hope of future testing. 


“Turritella” aldrichi Bowles, 1939 
Plate 12, Figures 1-4 


Turritella humerosa ? Conrad. Aldrich, 1886a, p.59; not Conrad, 
1835b, p.340. 

Turritella multilira Whitfield. Aldrich, 1886a, p.59; not Whitfield, 
1865, p.266. 

Turritella humerosa var. multilira Whitfield. Aldrich, 1894, p.246, 
pl.13, f.3 as multileia [sic]; Harris, 1896, p.111, pl.11, f.10, copy 
Aldrich, 1894. 

Turritella humerosa Conrad var. Aldrich, 1894, p.246, pl. 13, f.5. 

Turritella humerosa Conrad. Harris, 1896, p.111, in part, pl.11, f.11, 
copy Aldrich, 1894; Veatch and Stephenson, 1911, p.217, 
219,223,224; Stephenson and Veatch, 1915, p.68-69; Brantly, 1920, 
p. 145-146; not Conrad, 1835b. 

Turritella aldrichi Bowles, 1939, p.315, pl.34,f.11,17; LeBlanc in 
Barry and LeBlanc, 1942, p.96, pl.13, f.3,4; Stenzel and Turner, 
1942, card 42; Palmer and Brann, 1966, p.979-80; Toulmin, 1969, 
pl. 1, f.13; 1977, p.173, pl.8, f.10. 


Description. —Shell medium sized, of 25 to 30 whorls. 
Maximum observed whorl diameter 11.1 mm. Apical 
angle 14°; apical and pleural angles approximately equal. 
Sutures inconspicuous on early whorls, more deeply 
incised on later whorls. Protoconch erect, homeos- 
trophic, turbinate, of 1.0-1.5 smooth, rounded, some- 
what flattened whorls; P1 small. Apical sculpture for- 
mula C, B, A;. Primary C spiral appearing abruptly 


as distinct, raised band just below whorl middle, mov- 
ing downward to middle of lower 2 of whorl. Primary 
B appearing within one whorl as less distinct promi- 
nence in middle of upper 2 of whorl, moving down- 
ward to just above middle of whorl. Primary A ap- 
pearing as similarly faint prominence just below upper 
suture two to three whorls later, moving downward to 
middle of upper 4 of whorl. Whorl profile becoming 
basally carinate with appearance of B spiral; area above 
C spiral relatively straight-sided, area below to suture 
sharply concave. Profile changing at about whorl 12- 
15 with appearance of secondary spiral (R) above A, 
R and A both increasing in size to form adapical carina 
on later whorls. Secondary spirals appearing over rest 
of whorl and strengthening to equal primaries B and 
C. Lower 7 of whorl swelling to become roundly con- 
vex; area just below adapical carina remaining some- 
what constricted. Narrow band above lower suture be- 
coming excavated and concave. Primary and second- 
ary spirals on late whorls usually faintly to moderately 
beaded by intersection with growth lines. Lateral as- 
pect of growth line trace slightly prosocline, with upper 
and lower inflection points and moderately deep sinus, 
apex just above whorl middle. Spiral and basal sinuses 
moderately deep. 

Measurements. —See Table 51. 

Stratigraphic and Geographic Distribution. —AL: 
Clayton Formation, Porters Creek Formation (Lower 
Member), Porters Creek Formation (Matthews Land- 
ing Member), Naheola Formation; GA: undifferen- 
tiated Midway Group; LA: Lime Hill (*‘Logansport’’) 
Formation; Midwayan Stage, Lower Paleocene. 

Type Locality.—Matthews Landing, Alabama Riv- 
er, Wilcox County, Alabama (AL-WI-3). 

Other Localities. —-AL-WI-2 (T), AL-WI-3 (B), AL- 
WI-9 (B), AL-WI-21 (B), AL-WI-36 (B), AL-WI-37 
(B), AL-WI-42 (T), AL-WI-43 (T), AL-WI-44 (T), AL- 
WI-45 (T), AL-WI-46 (T), AL-WI-47 (T), AL-WI-48 
(T), AL-WI-50 (T), AL-WI-51 (T), AL-WI-52 (T), AL- 
WI-53 (T), AL-BU-1 (T), AL-BU-2 (T), AL-BU-3 (T), 
AL-MA-2 (T), LA-NA-6 (LB), GA-WE-1 (B), GA-SL-1 
(B). 

Type Material.—holotype of T. aldrichi Bowles 
USNM 495148, paratype USNM 495149. 

Remarks/Discussion. —This is the only member of 


Table 52.—Measurements of “*Turritella’ aldrichi Bowles. Ab- 
breviations as in Table 10. 


MD MH WN 
USNM 495148 holotype 9.0 39.0 13.5 
USNM 495149 paratype 10.0 41.0 9:5 
MCZIP 29305 7.0 38.9 24.5 
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the humerosa group for which I have observed well 
preserved apices. “7.” a/drichi shares acommon apical 
sculpture formula with members of the rina group 
(Haustator herein), but is distinguishable from the most 
similar member of that group, Haustator alabamiensis 
(Whitfield), by its very different spiral sculpture and 
whorl shape on early teleoconch whorls, and by distinct 
adapically carinate adult whorls in most individuals. 
As mentioned above under H. alabamiensis, however 
(p.67), some specimens of both species may be difficult 
to distinguish. 

Whether aldrichi is closely related to any later mem- 
bers of the humerosa group is not clear. It differs from 
most of these species, as well as from most of the other 
adapically carinate Midwayan species (“7.” clayto- 
nensis Bowles, “7.” “prehumerosa’’ Govoni, “T.” 
toulmini n.sp., ““T.”’ biboraensis Gardner) in being very 
small, delicate, narrow and having more than 20 whorls. 
It appears to persist virtually unchanged throughout 
much of the Midwayan Stage (perhaps as long as 7.0 
my), and is perhaps best viewed as a more derived side 
branch than a generalized ancestral form. 

At Matthews Landing on the Alabama River, ald- 
richi and alabamiensis are two of the most common 
mollusks, but in museum lots the two species occur in 
very different relative abundances. The exposures at 
Matthews Landing consist of continuously weathering 
horizontal bedding planes, and the differing compo- 
sition of samples from here may suggest some mi- 
croenvironmental heterogeneity of the original com- 
munity. 


“Turritella” biboraensis Gardner, 1935 
Plate 14, Figure 5 


Turritella biboraensis Gardner, 1935, p.290, pl.25, f.3; Stenzel and 
Turner, 1942, card 47. 

Turritella sp. cf. T. humerosa Conrad. Gardner, 1935, p.289, pl.25, 
f.2. 

Turritella humerosa biboraensis Gardner. Bowles, 1939, p.313; Palmer 
and Brann, 1966, p.991. 


Description. — Available material very poorly pre- 
served. Shell medium sized, total whorl number un- 
known. Maximum observed whorl diamter 15.9 mm. 
Apical angle approximately 10°?, approximately equal 
to pleural angle? Sutures moderately deeply incised. 
Protoconch and earliest teleoconch whorls unknown; 
earliest known whorls show pronounced, square adap- 
ical carina immediately below suture. Whorls straight- 
sided, marked with numerous, fine secondary spirals 
of more or less equal strength. May be slightly stronger 
spiral cord (C spiral?) at base of earliest whorls in ho- 
lotype. Growth lines not visible on holotype. 

Measurements. —See Table 53. 

Stratigraphic and Geographic. Distribution. —TX: 


Table 53.—Measurements of ‘Turritella” biboraensis (Gardner). 
Abbreviations as in Table 10. 


MD MH WN 
USNM 370989 holotype 15.9 42.4 5 


Kincaid Formation; lower Midwayan Stage, Lower Pa- 
leocene. 

Type Locality.—Bibora Tank, Indio Ranch, 18 mi 
SE of Eagle Pass, Maverick County, Texas (TX-MV- 
1). 

Other Localities. —TX-LI-2a (B), TX-MV-4b (B), 
TX-MV-6 (B). 

Type Material. —holotype of T. biboraensis Gardner 
USNM 370989. 

Remarks/Discussion. —\ have examined only the ho- 
lotype of this species. It shares with “*7.”” humerosa 
Conrad a round, broad adapical carina and relatively 
straight whorl profile. It is distinguished chiefly on the 
basis of the substantial difference in the age of the two. 
Study of further material, particular well preserved api- 
ces, may show that such a taxonomic separation is not 
justified. 


“Turritella” claytonensis Bowles, 1939 
Plate 12, Figure 8 


Turritella humerosa Conrad. Harris, 1896, p.110 in part, pl.11, f.12 
only; not Conrad, 1835b. 

Turritella claytonensis Bowles, 1939, p.314, pl.34, f.14,15; Stenzel 
and Turner,1942, card 55; Palmer and Brann, 1966, p.984. 


Description. —Shell large, of perhaps 10-15 whorls? 
Maximum observed whorl diameter 26.0 mm. Apical 
angle approximately 15°, approximately equal to pleu- 
ral angle. Protoconch and earliest teleoconch whorls 
unknown. Earliest known whorls show more or less 
uniform, fine spiral lines over entire whorl. Adapical 
carina develops on later whorls, probably from a sec- 
ondary above the A spiral. Carina relatively narrow, 
subrounded, not more than 15% of whorl height; all 
other spirals faint. Sutures not incised, but perched 
immediately above carina. Basal portion of whorl im- 
mediately above suture slightly inflated. Lateral aspect 
of growth line trace approximately orthocline, with two 
inflection points, one above and one below whorl mid- 
point; lateral sinus of moderate depth. Basal aspect of 
growth line trace not observed. 

Measurements. —See Table 54. 


Table 54.—Measurements of “‘Turritella’ claytonensis Bowles. 
Abbreviations as in Table 10. 


MD MH WN 
USNM 131637 holotype 26.0 68.0 75 
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Stratigraphic and Geographic Distribution. —AL: 
Clayton Formation; lower Midwayan Stage, Lower Pa- 
leocene. 

Type Locality. —Prairie Creek, Wilcox County, Al- 
abama (AL-WI-9). 

Other Localities. —AL-BA-1 (B). 

Type Material. —holotype of T. claytonensis Bowles 
USNM 131637. 

Remarks/Discussion.—The USNM collections ap- 
pear to contain only two specimens of this form, one 
(the holotype) from Prairie Creek in western Alabama, 
and the other from the type section of the Clayton 
Formation in eastern Alabama. I have found turritel- 
lids to be common at the Clayton type locality, but to 
consist entirely of the apparently undescribed species 
here named “‘Turritella” toulmini,; | have not found 
any other specimens of ‘*7.”’ claytonensis. The short 
spire and large apical angle make ‘‘7.”’ claytonensis a 
very distinct form not easily confused with others; its 
rarity may therefore be real. 


“Turritella” eurynome Whitfield, 1865 
Plate 13, Figures 6-8 


Turritella eurynome Whitfield, 1865, p.266; Aldrich, 1887, p.81; 
1894, p.237, not p.233 [= Haustator subrina (Palmer)]; de- 
Gregorio, 1890, p.127; Harris, 1899a, p.75, pl.10, f.7; Bowles, 
1939, p.292, pl.31, f.13, pl.32, f.18; LeBlanc in Barry and LeBlanc, 
1942, p.97, pl.13, f.5; Stenzel and Turner, 1942, card 62; Palmer 
and Brann, 1966, p.987; Toulmin, 1977, p.231, pl.29, f.6. 

Turritella bellifera Aldrich, 1885, p.150, pl.3, f.13; 1886a in part, 
p.34,55, pl.1, f.13, not 58; 1894 in part, p.237, not p.130,233,238; 
Smith and Johnson, 1887, p.29; not Clark, 1891, p.63; Cossmann, 
1893, p.29; not Brantly, 1920, p.161; Plummer, 1933, p.815, pl.10, 
f.7; Bowles, 1939, p.317, pl.34, f.16; Stenzel and Turner, 1942, 
card 46; Palmer and Brann, 1966, p.982; Toulmin, 1977, p.230- 
1, pl.29, f.5. 

Turritella (Proto) cathedralis bellifera Aldrich. de Gregorio, 1890, 
p.127, pl.11,f.17, copy Aldrich, 1885. 

Turritella humerosa Conrad. Harris, 1899a, p.75, pl.10, f.5; 1899b, 
p.308, pl. 55, f.5; Brann and Kent, 1960, p.920; not Conrad, 
1835b. 

Turritella (Haustator) bellifera Aldrich. Cossmann, 1912, p.118. 

Turritella sp., Plummer, 1933, p.815, pl.10, f.9,9a. 

Turritella humerosa Conrad “‘var.”’ Brann and Kent, 1960, p.920. 


Description. —Shell large, of perhaps 15 to 20 whorls. 
Maximum observed whorl diameter 20.0 mm. Apical 
angle 15°, pleural angle 7°. Sutures inconspicuous. Pro- 
toconch and earliest teleoconch whorls unknown. Ear- 
liest whorls observed with three moderately promi- 
nent, approximately equally spaced spirals, the lower 
two soon becoming stronger as a fourth appears above 
the upper spiral, closer to the suture than the spiral. 
This uppermost spiral becoming most prominent on 
later whorls of most individuals, forming an adapical 
carina. Four spirals sharp and distinct on later whorls. 
Secondaries faint if present. Growth lines often con- 


Table 55.—Measurements of “Turritella’”’ eurynome Whitfield. 
Abbreviations as in Table 10. 


MD MH WN 
FMNH-UC 24505 syntype 11.5 275 3.0 
USNM 644614 17.5 85.0 Aes 
USNM 498001 11.5 52.0 12.5 


spicuous but spirals seldom beaded or scalloped. Whorl 
profile generally straight-sided until latest whorls when 
lower '2—*4 of whorl becomes slightly rounded and con- 
vex. Lateral aspect of growth line trace slightly pro- 
socline with well developed upper and lower inflection 
points. Lateral sinus moderately deep, apex above whorl 
midpoint. Spiral and basal sinuses of only moderate 
depth. 

Measurements. —See Table 55. 

Stratigraphic and Geographic Distribution.—AL: 
Tuscahoma Formation (Bells Landing Marl Member), 
Tuscahoma Formation (Greggs Landing Marl Mem- 
ber); LA: Marthaville Formation, Pendleton Forma- 
tion; TX: Pendleton Formation; middle-upper Sabi- 
nian Stage, Upper Paleocene. 

Type Locality.—T. bellifera: Bells Landing, Ala- 
bama River, Monroe County, Alabama (AL-MO-3); 
T. eurynome: Bowles (1939) believed it to be Bells 
Landing (AL-MO-3); Stenzel and Turner (1942) be- 
lieved it to be Greggs Landing (AL-MO-5). 

Other Localities. -AL-CH-6 (B), AL-DA-1 (B), AL- 
MO-3 (B), AL-MO-5 (ST,T), AL-WI-18 (B), AL-CH-6 
(B), LA-NA-14 (LB), LA-SA-19 (LB), LA-SA-20 (WW), 
LA-SA-21 (WW), LA-SA-22 (WW), TX-SA-4 (LB), 
TX-SA-19 (LB). 

Type Material.—lectotype of T. bellifera Aldrich 
USNM 644614; 3 syntypes of 7. eurynome Whitfield 
FMNH-UC 24505. 

Remarks/Discussion. —Bowles (1939) states that 
apical whorls of “7.” eurynome are “‘marked by three 
prominent subequal revolving lirae ... a fourth lira 
arising just in front of the posterior suture very early 
in the shell growth... ,” and that on adult whorls this 
fourth spiral occasionally “‘becomes strongly devel- 
oped and approximates the prominent carina of T. 
bellifera.”’ Bowles also states that he did not observe 
the earliest apical whorls of be/lifera, but that the ear- 
liest whorls known show “‘four distinct, subequal, re- 
volving lirae and two smaller, less distinct secondary 
lirae,” and that three versus four spirals on the earliest 
whorls distinguished the two species. The variability 
on both early and late whorls of specimens fitting the 
descriptions of these two forms suggests, however, that 
this separation cannot be maintained, especially con- 
sidering the occurrence of both forms only in the Tus- 
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Table 56.— Measurements of ** Turritella” gardnerae LeBlanc. Ab- 
breviations as in Table 10. 


MD MH WN 


LSU 3145 holotype 11.0 28.0 10.5 


cahoma Formation (Bells and Greggs Landing Mem- 
bers). A single, somewhat variable species is therefore 
recognized here. 


“Turritella” gardnerae 
Le Blanc in Barry and LeBlanc, 1942 


Turritella gardnerae Le Blanc in Barry and LeBlanc 1942, p.94, pl.13, 
f.1,2; Palmer and Brann, 1966, p.988. 


Description. — Original description: “Spire probably 
high (incomplete holotype has only five whorls pre- 
served), tapering very gradually; apical angle 9 degrees. 
Whorls wider than high, marked by a subsutural band 
or collar and depressed areas immediately below the 
subsutural band above the suture. Sutures are linear, 
indistinct and impressed slighly on the upper part of 
the subsutural band. Sculptural consisting of very nu- 
merous subequal fine and coarse spiral lines becoming 
larger but not prominent, anteriorly; spirals on de- 
pressed area above sutures and on subsutural band 
more prominent than elsewhere. Incrementals are 
strongly reflexed at the posterior third of the whorl as 
in the members of Turritella humerosa group.” 
(LeBlanc, 1942, p.94) Protoconch and earliest teleo- 
conch whorls unknown. 

Measurements. —See Table 56. 

Stratigraphic and Geographic Distribution.—LA: 
undifferentiated Upper Midway Group; Midwayan 
Stage, Lower Paleocene. 

Type Locality. — Natchitoches Parish, Louisiana (LA- 
NA-6). 

Other Localities. —LA-SA-9 ? (LB). 

Type Material. —holotype T. gardnerae LeBlanc LSU 
3145. 

Remarks/Discussion. — According to LeBlanc, this 
species is known from only two localities. I have been 
unable to locate the type locality, and the second lo- 
cality has been flooded by the waters of Toledo Bend 
Reservoir. “Turritella” gardnerae is most similar to 
“T.” aldrichi Bowles, although its status remains un- 
certain without additional material. 


“Turritella’”’ humerosa Conrad, 1835b 
Plate 13, Figures 1-4 


Turritella humerosa Conrad, 1835b, p.340, pl.13, f.3; 1846, p.219; 
1865a, p.32; 1866, p.11 H.C.Lea, 1849, p.107; not Aldrich, 1886, 
p.59 [= “7.” aldrichi Bowles]; Harris, 1894a, p.303 in part; not 
1896, p.15,16,32, 36,110, pl.11, f.10-13; not 1899a, p.75, pl.10, 


f.5-7; not 1899b, p.308, pl.55, f.5 [= “7.” eurynome Aldrich]; 
Clark, 1896, p.70, pl.14, f.1; Clark and Martin, 1901, p.148, pl.27, 
f.1,la; not Veatch and Stephenson, 1911, p.217,219,223,224 [= 
T. aldrichi Bowles]; Clark and Miller, 1912, p.92,94,95,119,120; 
not Stephenson and Veatch, 1915, p.68,69 [= 7. aldrichi Bowles]; 
Guillaume, 1924, p.290; Trowbridge, 1932, in part, pl.38, f.7, copy 
Clark and Martin, 1901; not pl.31, f.6,7; Gardner, 1935, p.288- 
290; Bowles, 1939, p.312, pl.33, f.10; Stenzel and Turner, 1942, 
card 70; Vokes, 1961, p.49, pl.10, f.2. 

Turritella (Haustator) humerosa Conrad. Cossmann, 1912, p.118. 

Not Turritella humerosa Conrad “‘var.”. Cooke, 1926, pl.94, f.1 9 
[= “7.” multilira Whitfield]; not Semmes, 1929, f.59-1, copy 
Cooke, 1926. 

Turritella (Peyrotia) humerosa Conrad. Shimer and Shrock, 1944, 
p.493, pl.201, f£.18, copy Clark and Martin, 1901. 


Description. —Shell large to very large, of 20 to 25 
whorls. Maximum observed whorl diameter 27.0 mm. 
Apical angle 17°; pleural angle often slightly less than 
apical angle. Protoconch unknown; earliest whorls ob- 
served (dia. = 0.34 mm) bearing two moderately pro- 
nounced spirals, probably corresponding to C and B, 
on lower '2 of whorl, moving slightly upward and 
strengthening until B just above whorl middle and C 
in about middle to lower 3 of whorl. Third spiral (= 
A?) appearing in middle of upper '2 of second whorl, 
but remaining weak. Lower two spirals subequal, C 
being slightly larger, forming moderate basal carina. 
Whorl profile above C more or less straight-sided ex- 
cept for spirals; profile below markedly concave to 
suture. Intercalaries appearing with whorl 10-12, larg- 
est whorls covered with numerous, evenly spaced, fine 
spirals. Whorl profile beginning to change well after 
introduction of secondary spirals, basal carina becom- 
ing less prominent, adapical 4 of whorl beneath up- 
permost two spirals expanding, area just below becom- 
ing relatively constricted. Adult whorls showing 
rounded adapical carina just beneath the suture, slight- 
ly curved whorl profile widest at about middle of lower 
’) of whorl. Spirals very seldom beaded although minor 
relief may be created by intersection of spirals and 
growth lines. Lateral aspect of growth line trace or- 
thocline to slightly prosocline, usually with upper and 
lower inflection points. Lateral sinus moderately deep, 
apex just above whorl middle. Spiral and basal sinuses 
relatively shallow. 

Measurements. —See Table 57. 


Table 57.— Measurements of “Turritella” humerosa Conrad. Ab- 
breviations as in Table 10. 


MD MH WN 
ANSP 31388 lectotype 21.6 89.6 9.5 
ANSP 31388 paratype 20.4 90.2 OFS 
ANSP 31388 paratype 20.4 52.2 4.0 
ANSP 31388 paratype 723, 41.3 355 
ANSP 31388 paratype 15.6 S15 4.0 
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Stratigraphic and Geographic Distribution. —MD, 
VA: Aquia Formation; Upper Paleocene. 

Type Locality. —probably Piscataway Creek, Prince 
Georges County, Maryland (MD-PG-5). 

Other Localities. -MD-AA-5 (B), MD-PG-7 (B), 
MD-PG-10 (B), VA-ST-2 (B), VA-ST-4 (B), VA-ST-5 
(B), VA-ST-6 (B), VA-HA-2 (MCZ). 

Type Material. —lectotype and 4 paratypes of 7. hu- 
merosa Conrad ANSP 31388. 

Remarks/Discussion. —As noted by Bowles (1939) 
the adapical carina so characteristic of humerosa group 
species (and the principal character suggesting a close 
relationship among them) is somewhat different among 
the different species. In Aumerosa the carina is not 
formed by a single spiral rib, but by the swelling of a 
broad area just below the suture, on which the upper- 
most (presumably A) spiral is the most prominent. 
This carina may or may not be homologous with those 
of eurynome, multilira and praecincta, which form 
mainly from the expansion of a single spiral rib, spe- 
cifically the secondary above the uppermost primary 
(therefore presumably R). 

Although protoconchs and very earliest teleoconch 
whorls have not been preserved on the specimens 
available to me, it is almost certainly the case that “7.” 
humerosa shows an apical sculpture formula of C, B; 
A;, similar to that seen in members of the rina group 
and by “7.” aldrichi Bowles. Spiller (1977) has noted 
that humerosa has three to four whorls, in its proto- 
conch. If this is true, and if it applies to at least the 
other large Late Paleocene species with adapically car- 
inate whorls it would suggest 1) that aldrichi is not 
closely related to humerosa group; 2) that humerosa 
group species may have had relatively longer intervals 
in the plankton, greater powers of dispersal, and re- 
duced tendency for speciation, possibly explaining their 
lower species diversity compared to the basally cari- 
nate rina and mortoni groups which appear to have 
had only short planktonic larval stages; 3) many of the 
forms designated as “humerosa”’ from other areas of 
the New World may have been more closely related 
to Coastal Plain taxa than are, for example, forms as- 
signed to Palmerella mortoni, which has also been used 
in a similar “‘catch-all” fashion, but which may have 
had lower powers of dispersal. 

In the Aquia Formation, humerosa occurs in the 
same beds as P. mortoni, but is never as abundant. No 
ecological or environmental separation is detectable 
between the two forms. 


“Turritella” multilira Whitfield, 1865 
Plate 12, Figure 5, 9-11 


Turritella multilira Whitfield, 1865, p.266; not Aldrich, 1886a, p.59 
[= “7.” aldrichi Bowles}; not Aldrich, 1894, p.237,239 [= “T.” 


aldrichi Bowles, not “7.” bellifera Aldrich as in Bowles, 1939, 
p.316, fide Palmer and Brann, 1966, p.997]; Whitfield, 1899, p.177; 
Harris, 1899a, p.75, pl.10, f.6 [as humerosa “‘var.”’]; Bowles, 1939, 
p.316, pl.32, f.15, pl.34, f.19; Stenzel and Turner, 1942, card 84; 
LeBlanc in Barry and LeBlanc, 1942, p.102, pl.13, f.9; Palmer and 
Brann, 1966, p.997; Toulmin, 1977, p.232, pl.29, f.8. 

Turritella bellifera Aldrich. Aldrich, 1886a in part, p.58; not, 1885. 

Not Turritella humerosa Conrad var. multilira Whitfield. Aldrich, 
1894, p.246, pl.13, f£.3 as multileia [sic] [= “7.” aldrichi Bowles, 
not 7. bellifera Aldrich as in Bowles, 1939, p.316]; Harris, 1896, 
p.111 in part, pl.11, f.10, copy Aldrich, 1894. 

Turritella multilirata [sic] Whitfield. Whitfield, 1899, p.177; not 
Adams and Reeve, 1848 (1850), p.48. Turritella humerosa Conrad 
“var.”’. Cooke, 1926, pl.94, f.1; Semmes, 1929, f.59-1, copy Cooke, 
1926; Brann and Kent, 1960, p.920 in part, No. 272. 


Description. —Shell medium to large, of probably 
around 20 whorls. Maximum observed whorl diameter 
20.0 mm. Apical angle 16°; pleural angle 9°. Sutures 
inconspicuous. Protoconch and earliest teleoconch 
whorls unknown. Earliest whorls observed (dia. = 1.9 
mm) three prominent spirals of equal strength, ap- 
proximately equally spaced over whorl height. Whorl 
profile of these early whorls convex and evenly round- 
ed, maximum width in middle. Area between lowest 
spiral and suture excavated and smoothly concave. 
Weaker intercalaries beginning to appear between orig- 
inal spirals, whorl profile changing to more straight- 
sided, although area between each pair of stronger spi- 
rals slightly concave. Secondary spiral above upper 
original becoming increasingly prominent and forming 
sharp adapical carina on late whorls. Whorl profile of 
latest whorls more or less straight-sided, but with slight 
constriction just below carina and slight inflation at 
about whorl middle. Form and strength of carina vari- 
able; upper surface usually sloping upward to suture, 
but is less often horizontal from a more sharply apically 
bent carina. Carina rarely doubled by expansion of 
another more adapical spiral. Lateral aspect of growth 
line trace slightly prosocline, with upper and lower 
inflection points. Lateral sinus only moderately deep, 
apex above whorl middle. Spiral and basal sinuses rel- 
atively shallow. 

Measurements. —See Table 58. 

Stratigraphic and Geographic Distribution. —AL: 
Nanafalia Formation, Tuscahoma Formation (Bells 
Landing Member); LA: Pendleton Formation; MX: 
undifferentiated Wilcox Group; lower—middle Sabi- 
nian Stage, Upper Paleocene. 


Table 58.— Measurements of ** Turritella” multilira Whitfield. Ab- 
breviations as in Table 10. 


MD MH WN 


FMNH-UC 24521 syntype 11.0 43.5 8.0 
USNM 498012 13:5 60.0 11.0 
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Type Locality.—Nanafalia Bluff, Marengo County, 
Alabama (fide Bowles, 1939) (AL-MA-1). 

Other Localities. -AL-DA-1 (T), AL-PI-6 (T), AL- 
WI-55 (PB), LA-NA-16 (L), MX-NL-4 (B). 

Type Material. —2 syntypes of T. multilira Whitfield 
FMNH-UC 24521. 

Remarks/Discussion. — Although this species is re- 
ported by Bowles (1939) to be restricted to the Nan- 
afalia Formation, I have collected a small number of 
specimens assignable to it from the Bells Landing 
Member of the overlying Tuscahoma Formation at 
Bells Landing. As Bowles noted, some specimens of 
multilira on which the primary spiral ribs are relatively 
well developed and the adapical carina is not may 
resemble individuals of “7.” eurynome Whitfield on 
which secondary spirals are relatively reduced and the 
adapical carina relatively pronounced, but such inter- 
mediates do not appear to be sufficiently common to 
suggest that only a single species is present. 


“Turritella” praecincta praecincta 
Conrad, 1864 
Plate 14, Figures 1-4, 6 


Turritella praecincta Conrad, 1864, p.211; 1865a, p.32; 1866, p.11; 
Harris, 1897b, p.24, 29,31; 1899a, p.76 in part, pl.10, f.8; 1899b, 
p.308, pl.55, f.6; Guillaume, 1924, p.290; 1926, p.425; Cooke, 
1926, p.94, f.3; Semmes, 1929, f.59-3; Bowles, 1939, p.318, pl.33, 
f.11; Stenzel and Turner, 1942, card 97; LeBlanc in Barry and 
LeBlanc, 1942, p.103, pl.13, f.10; Wassem and Wilbert, 1943, 
p.188, 189, 193, pl.31, f£.7; Brann and Kent, 1960, p.933; Palmer 
and Brann, 1966, p.1002; Toulmin, 1969, pl. 1, f.18; 1977, p.233, 
pl.29, £.10,11. 


Description. —Shell medium sized to large, of 15 to 
25 whorls. Maximum observed whorl diameter 31.1 
mm. Apical angle 19°; pleural angle 15°; pleural angle 
not as low on younger specimens. Sutures vary from 
inconspicuous to deeply incised. Protoconch and ear- 
liest teleoconch whorls unknown. Earliest whorls ob- 
served (dia. = 0.36 mm) bearing two moderately prom- 
inent spirals of approximately equal strength on lower 
/, of whorl, a third, weaker spiral appearing within 1.0 
whorl midway between this pair and upper suture and 
rapidly becoming as strong. At whorl diameter of 1.0- 
1.5 mm, a fourth spiral appearing between uppermost 
of original three and upper suture. Within seven to 
eight whorls this uppermost spiral becoming most 
prominent, forming a sharp adapical carina projecting 
laterally as far as the lowest spiral and producing 
straight-sided whorl profile. Upper surface of carina 
on earliest carinate whorls bearing numerous fine spi- 
rals and slopes up roof-like to suture. Underside of 
carina immediately concave. Faint intercalaries pres- 
ent on rest of whorl; original spirals remaining strong 
but not projecting. Lower margin of whorl slightly to 


Table 59.—Measurements of “*Turritella” praecincta praecincta. 
Abbreviations as in Table 10. 


MD MH WN 


USNM 497991 hypotype 28.0 92.3 12.5 
MCZIP 29280 311 98.4 aS 
MCZIP 29281 28.8 78.0 8.0 


MCZIP 29282 28.4 82.8 OS) 


markedly concave, flaring out to meet suture. Carina 
quickly increasing in width on later whorls, attenuating 
outward and often becoming undulatory and/or flared 
adapically, sometimes leaving suture in a deep groove. 
Base of whorl bears numerous prominent spirals. Lat- 
eral aspect of growth line trace prosocline, with well 
developed upper and lower inflection points. Lateral 
sinus moderately deep; spiral and basal sinuses rela- 
tively shallow. 

Measurements. —See Table 59. 

Stratigraphic and Geographic Distribution. —AL: 
Nanafalia Formation, Tuscahoma Formation (Bells 
Landing and Greggs Landing Members); LA: Pendle- 
ton Formation; Sabinian Stage, Upper Paleocene. 

Type Locality. —unknown; given by Conrad as “‘Dal- 
las Co., Alabama.” 

Other Localities. —AL-DA-1 (T), AL-PI-2 (T), AL- 
MO-3(T), AL-MO-5 (T), AL-WI-1 (T), AL-WI-18 (B), 
AL-CH-6 (B), AL-CH-12 (T), TX-SA-4 (WW), LA- 
SA-21 (WW), GA-CL-4 (B). 

Type Material.—holotype of 7. praecincta Conrad 
unknown (fide Moore, 1962, p.89), hypotype (Bowles, 
1939) USNM 497991. 

Remarks/Discussion. — Prior to the work of Andrews 
(1971), the only published mention of “7.” praecincta 
outside the Gulf coast was a passing reference (“‘Va.: 
Aquia creek.”’) by Harris (1899a, p.76). Yet the sharply 
adapically carinate specimens from the middle of the 
Paspotansa Member of the Aquia Formation (‘Bed E”’ 
in the scheme of Beauchamp [1984]) (Plate 14, Figure 
4) of Maryland and Virginia are definitely not assign- 
able to “7.”’ humerosa Conrad, and fall reasonably 
within the range of variation of “7.” praecincta. The 
Atlantic coast praecincta are smaller than their coun- 
terparts in Alabama, have smaller apical angles (around 
15°), and show more pronounced spiral sculpture on 
the whorl below the carina, but they show the sharp, 
ledge-like, sometimes undulating and posteriorly flar- 
ing adapical carina distinctive of praecincta on the Gulf 
coast. The carina is never as extreme in the Aquia 
specimens as in praecincta from Alabama, but it is 
much more pronounced than in any other adapically 
carinate form, such as “7.”’ multilira. 

These qualitative assessments are supported by the 
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Text-figure 22.—Results of factor analysis of specimens of ‘“‘Turritella” praecincta Conrad. A. first and second factor axes. B. Second and 
third factor axes. x represents specimens from Virginia; 0 represents specimens from Alabama (the type area). See Appendix 1 for specimens 


used and details of analysis. 


results of the multivariate morphometric analyses 
(Text-figure 22). A total of 118 variables was measured 
on 28 specimens from Alabama and Virginia. The first 
three factor axes explain 76.8% of the variation in the 
total data set (Table 60). Loadings on the first three 


factors (Table 61) indicate that variables on the second 
and ninth whorls load most heavily on the first factor, 
whereas variables from the sixth and seventh whorls 
load most heavily on the second factor and variables 
on twelfth and thirteenth whorls load most heavily on 
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Table 60.—Results of factor analysis of specimens of “Turritella” 
praecincta (Conrad). Variance explained by first five factor axes. 


cumulative proportion 
of variance 


0.4018 
0.5645 
0.6396 
0.7077 
0.7553 


Factor 


nb WN — 


the third factor. Virginina and Alabama specimens fall 
into two more or less distinct clusters, separated largely 
along the second factor axis, in a pattern similar to 
that showed by Pa/merella mortonis.s. and P. m. post- 
mortoni (Text-figure 18, p.59). Given the geographic 
separation, and the observation that Virginia speci- 
mens are most similar to praecincta from Alabama 
than to any other species, it seems advisable to rec- 
ognize the Virginia forms as a subspecies of praecincta 
(see below) rather than a separate species. 

Although Bowles (1939) states that praecincta in Al- 
abama is restricted to the Tuscahoma Formation, 
Toulmin (1977) reports at least two occurrences (lo- 
calities AL-DA-1, AL-PI-1) in the underlying Nana- 
falia Formation, probably from the Grampian Hills 
Member. The specimens I have examined from these 
localities are markedly smaller than the average for 
later Bells and Greggs Landing samples (MD < 17.0 
mm). 


‘*Turritella” praecincta virginiensis, 
new subspecies 
Plate 14, Figure 4 


Diagnosis. —Similar to but smaller than** Turritella” 
praecincta from Alabama, with smaller apical angle 
and more pronounced spiral sculpture below a less 
pronounced adapical carina. 

Description. —Shell medium sized, of perhaps 10- 
25 whorls? Maximum observed diameter 16.9 mm. 
Apical angle approximately 15°, pleural angle approx- 
imately 12°, giving shell a somewhat domed outline. 
Sutures usually inconspicuous. Protoconch and early 
teleoconch whorls unknown. Earliest whorls observed 
(dia. = 9.8 mm) bearing faint adapical carina composed 
of several lesser spiral cords. Carina increasing in 
strength but remaining rounded to subquadrate in pro- 
file, and not expanding abapically down whorl. Whorls 
straight-sided below carina, surfaces covered with sub- 
equal spiral lines of fine to moderate strength. Base of 
whorl bears numerous prominent spirals. Lateral as- 
pect of growth line trace prosocline, with well devel- 


oped upper and lower inflection points. Lateral sinus 
moderately deep; spiral and basal sinuses relatively 
shallow. 

Measurements. —See Table 62. 

Stratigraphic and Geographic Distribution.—VA: 
Aquia Formation; SC: Black Mingo Group (Williams- 
burg Fm.) (?). 

Type Locality.—Belvedere Beach, 1 km south of 
mouth of Potomac Creek, King George County, Vir- 
ginia (VA-KG-5). 

Other Localities. —V A-ST-4 (A), VA-ST-6 (A), VA- 
KG-5 (A), SC-BE-3 (MCZ). 

Type Material. —holotype of “7.” praecincta virgi- 
niensis n. ssp. MCZIP 29093, paratype PRI 33199. 

Remarks/Discussion. —See above under “7.” prae- 
cincta praecincta. 


“Turritella” sp. 
Plate 13, Figure 5 


Torquesia prehumerosa Govoni, 1983, p.114-118, pl.5, f.11-15. 


Description. —Govoni (1983) provides the following 
description: “Shell medium-size, long, slender, gently 
tapering turriculate. Suture narrowly but distinctly im- 
pressed in earlier whorls, becoming indistinct ad- 
pressed to nearly flush in mature whorls. Protoconch 
erect, homeostrophic, turbinate, of about 2 smooth, 
rounded, rapidly expanding volutions; first volution 
minute, initially depressed; protoconch merges into 
teleoconch without perceptible break. Whorls of teleo- 
conch wider than high; total number of whorls un- 
known. Primary spirals appear on juvenile whorls in 
order a, B, C, d; spirals B and C quickly develop into 
strong, sharp-edged cords (C remaining slightly stron- 
ger than B) which dominate sculpture of juvenile and 
earliest adolescent whorls; spiral a initially forms low 
but distinct, rounded thread midway between B and 
posterior suture, but increases rapidly in strength rel- 
ative to concurrently weakening cords B and C until, 
by about tenth to twelth whorl, it forms a strong thread 
equal to b and c; d appears very early (probably prior 
to B) and forms a distinct though increasingly obscured 
spiral equal in strength to a. Over same interval, whorl 
sides become very slightly convex above gentle an- 
gulation formed by primary spiral c; by about eighth 
or ninth teleoconch whorl, fine secondary threads de- 
velop, first between spiral a and posterior suture and 
then in other interspaces below. With continuing ad- 
dition and strengthening of threads in adolescent 
whorls, sides become more or less flattened except for 
very slight inflection between anterior suture and rem- 
nant of anterior angulation, and a posterior swelling 
which, in all but most mature whorls, forms a broad, 
low, rounded, though usually readily apparent subsu- 
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Table 61.—Results of factor analysis of specimens of “Turritella” praecincta (Conrad). Rotated factor loadings of each variable on each of 
the first three factor axes. Variables as described in Text-figure 3. 


Variable factor 1 factor 2 factor 3 Variable factor 1 factor 2 factor 3 
WHI —0.789 0.144 0.046 W3-7 0.044 0.921 —0.007 
sWwl —0.789 0.145 0.047 CR7 —0.004 0.915 0.028 
Cwl —0.789 0.146 0.047 CD7 —0.256 0.834 —0.058 
WI-1 —0.789 0.144 0.046 WwWw7 0.119 0.904 0.044 
W2-1 —0.788 0.144 0.146 WH8 0.700 0.538 —0.150 
W3-1 —0.787 0.143 0.045 Sws 0.712 0.575 —0.099 
CRI —0.788 0.146 0.047 CW8 0.701 0.603 —0.089 
CD1 —0.697 0.138 0.046 W1-8 0.708 0.568 —0.116 
wwii —0.789 0.144 0.046 W2-8 0.710 0.565 =O8N17 
WH2 —0.908 0.158 —0.027 W3-8 0.701 0.561 —0.129 
SW2 —0.906 0.158 —0.029 CR8 0.701 0.555 —0.075 
CWw2 —0.908 0.159 =0!027. CD8 0.596 0.614 —0.002 
W1-2 —0.908 0.159 —0.027 Wws 0.710 0.574 = OSL? 
W2-2 —0.915 0.160 —0.021 WH9 0.931 —0.028 0.001 
W3-2 —0.916 0.160 —0.020 SWw9 0.940 0.069 —0.082 
CR2 —0.917 0.161 —0.020 Cw9 0.921 0.233 —0.051 
CD2 —0.920 0.162 —0.005 Wi1-9 0.946 0.098 —0.091 
Ww2 —0.903 0.158 —0.030 W2-9 0.947 0.073 —0.085 
WH3 —0.759 0.337 —0.309 W3-9 0.941 0.058 —0.095 
SW3 —0.729 0.344 —0.330 CR9 0.924 0.011 0.067 
CW3 —0.734 0.343 =()'325 CD9 0.733 0.486 —0.013 
W1-3 —0.729 0.344 —0.329 Ww9 0.940 0.072 —0.068 
W2-3 —0.737 0.344 —0.323 WH10 0.819 —0.310 0.248 
W3-3 —0.749 0.341 —0.318 SW10 0.852 —0.134 0.251 
CR3 —0.768 0.337 —0.305 CW10 0.852 —0.014 0.254 
CD3 —0.541 0.351 =0:375 W1-10 0.854 —0.143 0.221 
Ww3 =(ON7511 0.340 —0.317 W2-10 0.851 —0.162 0.229 
WH4 —0.583 0.536 —0.402 W3-10 0.850 = (167 0.228 
Sw4 —0.505 0.550 —0.416 CR10 0.824 —0.179 0.349 
CWw4 —0.514 0.547 —0.412 CD10 0.745 0.188 0.280 
Wi1-4 =—('535) 0.545 —0.411 Ww 10 0.856 Ons) 0.226 
W2-4 =(0'552 0.544 —0.409 WHI11 0.805 —0.367 0.234 
W3-4 —0.547 0.545 —0.411 SWll 0.849 =—0:1'50 0.225 
CR4 —0.546 0.543 —0.409 Cwll 0.850 —0.061 0.221 
CD4 —0.481 0.521 —0.385 Wi-l1 0.850 —0.164 0.219 
Www4 —0.518 0.549 —0.415 W2-11 0.849 —0.169 0.211 
WHS —0.285 0.826 0.047 W3-11 0.846 —0.191 0.223 
SW5 —0.234 0.837 0.064 CR11 0.823 —0.211 0.316 
CWws5 —0.235 0.837 0.067 CD11 0.753 0.101 0.185 
WI1-5 —0.254 0.835 0.071 WWI11 0.852 =ON3 7, 0.228 
W2-5 —0.249 0.835 0.071 WH12 0.494 —0.070 0.576 
W3-5 —0.264 0.834 0.077 SWwi12 0.535 0.038 0.546 
CR5 —(0.:295 0.832 0.062 CWw12 0.522 0.117 0.550 
CDS5 —0.292 0.796 0.040 W1-12 0.540 0.051 0.544 
WwWws —0.219 0.833 0.071 W2-12 0.538 0.044 0.548 
WH6 O13) 0.924 0.005 W3-12 0.536 0.040 0.546 
SW6 —0.045 0.927 0.056 CR12 0.514 0.021 0.607 
CW6 —0.062 0.930 0.039 CD12 0.547 0.227 0.528 
W1-6 —0.053 0.926 0.061 WwW12 0.543 0.066 0.548 
W2-6 —0.043 0.923 0.051 WH13 —0.047 0.003 0.817 
W3-6 —0.044 0.917 0.059 SW13 —0.032 0.055 0.832 
CR6 —0.084 0.921 0.017 CW13 —0.026 0.076 0.833 
CD6 —0.189 0.849 —0.108 W1-13 —0.033 0.054 0.833 
WW6 —0.026 0.920 0.077 W2-13 —0.032 0.054 0.833 
WH7 —0.019 0.923 —0.011 W3-13 —0.035 0.047 0.832 
SW7 0.069 0.914 0.061 CR13 —0.037 0.039 0.831 
CWw7 0.026 0.916 0.019 CD13 —0.016 0.107 0.807 
W1-7 0.040 0.914 0.021 Wwwil3 —0.029 0.063 0.830 


W2-7 0.042 0.916 0.029 
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Table 62.—Measurements of “Turritella’”’ praecincta virginiensis. 
Abbreviations as in Table 10. 


MD MH WN 
MCZIP 29093 holotype 16.9 56.3 9.0 
MCZIP 29094 15.3 58.1 9.0 


tural collar. The numerous fine, subequal spiral threads, 
numbering about 40 in largest preserved whorls, cover 
entire whorl surface including subsutural collar. Last 
whorl lacks obvious subsutural collar and exhibits a 
moderately strong, spiral thread-covered carina at the 
basal whorl angulation that apparently extends back 
from aperture onto penultimate whorl just above an- 
terior suture; whorl base covered by numerous spiral 
threads. Growth lines indistinct, sinuous; acutely pro- 
socline in upper third of whorl and steeply opisthocline 
below, forming a moderately deep spiral lateral sinus 
with vertex above midwhorl; slope increases in ante- 
rior third of whorl until, in lower fifth, slope increases 
very rapidly so that lines intersect suture at nearly right 
angle; recurved slightly on base angulation to form very 
shallow spiral arc on base. Aperture incompletely 
known; parietal region calloused.” 

Measurements. —See Table 63. 

Stratigraphic and Geographic Distribution. —MD: 
Brightseat Formation; Lower Paleocene. 

Type Locality. —bluff on Southwest Branch, just W 
of Capital Beltway, Prince Georges County, Maryland 
(MD-PG-12). 

Other Localities. —-MD-PG-13 (GO), MD-PG-14 
(GO). 

Type Material.—holotype and 20 paratypes of Tor- 
quesia “‘prehumerosa’”’ Govoni USNM. 

Remarks/Discussion. — Of all the adapically carinate 
species of Midwayan age, this form most closely re- 
sembles the Sabinan-age “7.” humerosa Conrad. Both 
species show a similar apical sculpture formula and 
form of the adapical carina, i.e., rounded and including 
more than a single spiral rib. Together with its geo- 
graphic position, these characters make prehumerosa 
from the Brightseat a good candidate for a direct an- 
cestor of humerosa from the Aquia (cf., Govoni, 1983). 


Table 63.—Measurements of “Turritella” sp. (“prehumerosa” 
Govoni). Abbreviations as in Table 10. 


MD MH WN 
holotype USNM Lied 43.8 1g 
paratype USNM 9.1 29.6 5 
paratype USNM 5.6 14.3 5 
paratype USNM 1.4 4.4 8 


“T.” prehumerosa 1s very similar to biboraensis Gard- 
ner, their geographic separation being perhaps the chief 
distinguishing feature. Govoni’s form differs from “7.” 
toulmini n.sp. in having a relatively straight whorl pro- 
file below the carina. See Govoni and Hansen (in press) 
for further discussion. 


“Turritella” toulmini, new species 
Plate 12, Figure 6-7 


Turritella humerosa Conrad. Toulmin, 1977, pl.8, f.6; not Conrad, 
1835b. 


Diagnosis. — Medium sized turritellid with a broad, 
rounded adapical carina, moderate, even spiral sculp- 
ture, and convex, slightly inflated whorl profile, widest 
around midwhorl. 

Description. —Shell medium to large; total number 
of whorls unknown. Maximum observed whorl di- 
ameter 18.0 mm. Apical angle 10°; pleural angle may 
be slightly less than apical angle. Sutures inconspicu- 
ous. Protoconch and earliest teleoconch whorls un- 
known. Earliest teleoconch whorls observed on which 
sculptural detail is visible (dia. = 3.0 mm) showing at 
least three spirals, approximately evenly spaced over 
whorl, one at upper suture already forming an incipient 
adapical carina, one weaker near whorl middle, one in 
about middle of lower 2 of whorl. Whorls at this size 
straight-sided, approximately as high as wide. Spire 
attenuate, many-whorled. Numerous intercalary spi- 
rals appearing on succeeding whorls; sculpture of latest 
whorls consisting of approximately evenly spaced, equal 
strength spirals over upper ¥% of whorl, intercalated 
with one or more finer lines, and two to three stronger 
spirals on lower “4. Whorl profile of late whorls convex 
over lower ¥4 of whorl, widest point at about whorl 
middle, with a moderate constriction just below the 
pronounced, rounded, broad adapical carina. Lateral 
aspect of growth line trace orthocline, with well de- 
veloped upper and lower inflection points and mod- 
erately deep sinus with apex just above whorl middle. 
Basal sinus unknown. 

Measurements. —See Table 64. 

Stratigraphic and Geographic Distribution. —AL: 
Clayton Formation; lower Midwayan Stage, Lower Pa- 
leocene. 

Type Locality. —type section of Clayton Formation, 


Table 64.— Measurements of “7urritella” toulmini n. sp. Abbre- 
viations as in Table 10. 


MD MH WN 


MCZIP 29274 holotype 14.6 55.0 8 
MCZIP 29275 paratype Led 62.0 6 
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RR cut E of Clayton, Barbour County, Alabama (AL- 
BA-1). 

Other Localities. -GA-CL-6 (T). 

Type Material.—holotype of 7. toulmini n. sp. 
MCZIP 29274, paratypes MCZIP 29275, 29276, PRI 
33197. 

Etymology.—Named for the late Lyman D. Toul- 
min, pioneer in Lower Tertiary stratigraphy and pa- 
leontology in the eastern Gulf Coastal Plain. 

Remarks/Discussion.—At its type locality, “7.” 
toulmini is represented by silicified casts, together with 


molds in soft, yellow, sandy limestone which are readi- 
ly studied by latex casts. This species is similar to “*7.”’ 
aldrichi Bowles in its high, attenuate spire, but reaches 
a larger size and has a much more pronounced carina. 
In its rounded carina and subdued sculpture, ‘*7.”’ toul- 
mini most closely resembles “7.” “prehumerosa”’ Go- 
voni (1983; Govoni and Hansen, in press), differing in 
its more inflated whorl profile below the carina and its 
larger maximum size, and could possibly rank as a 
subspecies of this form. 
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APPENDIX 1 


PROCEDURES USED IN 
MORPHOMETRIC ANALYSIS 


Specimens of four fossil and one Recent turritellid 
species were measured with a video image analysis 
system. Digitized points and calculated measurements 
for these five species are shown in Text-figure 3. These 
measurements were divided into separate computer 
files, corresponding to separate samples (Table 65), and 
analyses began with these files. For each species, sub- 
sequent analysis followed these steps: 

1) Each file was run separately through the computer 
program HISPIRE3 (Morris and Allmon, 1994), which 
aligns whorls of multiple specimens by comparing whorl 
heights. 

HISPIRE3 aligns incomplete shells in three steps. In 
the first step, the program creates an array of whorl 
heights, in which rows are specimens and columns are 
whorls. It then sorts this array in order of increasing 
size of first (smallest) whorl. In the second step, the 
program steps through the rows (specimens) of the ar- 
ray and compares the heights of the first whorl of each 
pair of specimens. If a specimen has a first whorl of 
more than 0.8 of a whorl larger than the first whorl of 
the previous specimen, then blank whorls are added 
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to its small end, and it is moved to the right in the 
array until it comes close to the size of a corresponding 
whorl in the previous specimen. This creates an array 
in which specimens are sorted in order of increasing 
size and are aligned by the sizes of their first whorls. 

In the third step, HISPIRE3 iteratively a) finds the 
average height of each whorl in a composite average 
specimen in the array, b) applies up to three methods 
to move specimens to reduce the total error in the data 
set, and c) calculates the change in total error. The 
three methods are as follows. The specimen with the 
largest single error from the composite average is moved 
by one whorl to reduce its error (Method 1), then the 
specimen with the second largest errot is moved (Meth- 
od 2), then the program steps down throught the spec- 
imens (from largest to smallest), and moves each spec- 
imen that is more than one whorl in error (Method 3). 
These iterations are repeated until the corrections pro- 
duce an increase in the total error. This process is 
repeated until the number of passes is equal to 73 the 
number of specimens (a proportion arrived at empir- 
ically by experimenting with model data sets). One 
round of such iterations is called a “pass.” 

The three methods are used differently in different 
passes. Method | is used in each iteration of all passes. 
Method 2 is used in all but the last two passes. Method 
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Table 65.—Summary of samples used for morphometric analysis. 


no. of no. no. of no. 
speci- of speci- of 
Species/sample locality horizon mens whorls CV Species/sample locality horizon mens whorls CV 
Palmerella mortoni CARINA6 AL-CL-4 GS 9 6 4.57 
MORTON2A = AL-MO-3 TSBL 4 8 7.43 CARINA8 AL-MO-1 GS 4 8 4.78 
MORTON2B AL-MO-3 TSBL 8 8 6.23 CARINA9 AL-MO-11 GS 7 8 = hy/7/ 
MORTON2C AL-MO-3 TSBL 11 9 7.63 CARINA10 AL-CL-4 GS fl 6 S215 
MORTON2D  AL-MO-3 TSBL 6 9 6.08 CARINAI11 AL-CL-15 GS 17, 9 5.73 
MORTON2E AL-MO-3 TSBL 9 10 6.23 CARINA13 AL-CL-4 GS 11 9 6.94 
MORTON2F AL-MO-3 TSBL 32 9 7.82 CARINA14 AL-CL-4 GS 11 7 6.71 
MORTON2G = AL-MO-3 TSBL NG) 9 6.87 CARINAI5 AL-WA-6 GS 8 i 6.83 
MORTON2H  AL-MO-3 TSBL 15 8 8.71 CARINAI7 AL-CL-14 GS? 10 8 4.99 
MORTON3A = AL-MO-3 TSBL 23 9 7.61 CARINAI18 AL-CL-14 GS? 12 9 6.49 
MORTON3B AL-MO-3 TSBL 17 11 9.74 CARINA19 AL-CL-14 GS? 8 8 4.27 
MORTON3C AL-MO-3 TSBL 12 10 7.26 CARINA20 AL-CL-15 GS 7 7h 5.53 
MORTON4B  AL-MO-3 TSBL 18 y) 9.32 Haustator perdita 
MORTON4C AL-MO-3 TSBL 23 10 7.96 PERDIT1 MS-HN-6 MB 15 9 8.10 
MORTON6B AL-MO-3 TSBL 3 8 7.54 PERDIT2 MS-CL-3 MB 8 9 5.24 
MORTON7 AL-MA-1 NF 4 10 5.14 PERDIT4 MS-HN-6 MB 16 7 8.17 
MORTON8 AL-MA-1 NF 9 8 6.40 PERDITS MS-HN-6 MB 4 6 4.94 
MORTON9Y AL-MO-5 TSGL 10 9 8.46 PERDIT6 MS-CL-15 MB 8 7 S573. 
MORTON11 AL-WI-1 TSBL 23 10 7216 PERDIT7 MS-CL-3 MB 8 8 5.74 
MORTON 12 AL-CH-7 NF 5 10 5.59 PERDIT8A MS-CL-15 MB 15 9 Teas) 
MORTON 13 AL-DA-1 NF 8 11 4.52 PERDIT8B MS-CL-15 MB 14 10 6.77 
MORTONI15 AL-MO-3 TSBL 6 7 6.92 “Turritella” praecincta 
MORTON17 VA-KG-5 AQ 4 10 5.14 PRAECI1 AL-MO-5 TSGL 9 9 725 
MORTON18 VA-KG-5 AQ ig! 10 6.94 PRAEC2 AL-MO-3 TSBL i 12 5.92 
MORTON20 VA-KG-6 AQ 18 10 6.37 PRAEC4 VA-ST-2 AQ 9 7 4.74 
MORTON21 VA-KG-6 AQ 14 10 132. Turritella terebra 
MORTON22 MD-PG-6 AQ 8 10 5.84 TEREBRI1 R-1 5 9 6.05 
MORTON23 MD-PG-6 AQ 1'5 8 8.83 TEREBR2 R-2 3 12 3.10 
MORTON24 MD-PG-6 AQ 7 9 4.83 TEREBR4 R-4 10 14 5.93 
MORTON26 VA-KG-6 AQ 10 9 5.93 TEREBR9 R-5 9 13 SSH. 
Haustator carinata TEREBR10 R-6 8 13 6.43 
CARINA2 AL-CL-4 GS 12 12 7.94 TEREBR18 R-2 8 14 7.23 
CARINA4 AL-CL-15 GS 1 8 4.15 TEREBR19 R-8 34 13 1 


3 is used in passes 2 through n where n=!/2 the number 
of specimens in the sample. 

Variations of this default alignment method work 
better in some data sets. The user can change the num- 
ber of passes and thus the methods (1-3) used. If, how- 
ever, the number of passes has been forced (by the 
user) to less than 13 the number of specimens, Method 
3 is not used; if the number of passes has been forced 
(by the user) to some greater number of specimens, 
then Method 3 is used only in the second iteration. 

These iterations produce a matrix of aligned speci- 
mens. In the final step this matrix is used to create the 
final data file from the original input data file, restoring 
specimens to their original order (but numbering them 
consecutively from 1; original numbering is lost unless 
specimen number is included as an additional vari- 
able). Missing whorl measurements are filled in this 
matrix with zeroes. 

HISPIRE3 assays the accuracy of whorl alignments 
by checking the variation of heights for each whorl in 


the sample, and warns the user if this variation suggests 
poor alignments. The coefficient of variation (CV) is 
calculated for each aligned whorl and these values are 
then averaged across all whorls and again across all 
but the first and last whorls. Experience with the pro- 
gram suggests that if these two CV’s are greater than 
7-8%, the alignments of one or more specimens are 
likely to be incorrect by more than a full whorl. 

In the initial runs, the default parameters of the pro- 
gram were used and CV’s recorded. 

2) For those files whose CV’s exceeded 7%, a se- 
quence of new analyses was performed. First, the num- 
ber of passes was forced to % the number of specimens; 
then the number of passes was forced to less than 13 
the number of specimens; then the number of passes 
was forced to twice the number of specimens. 

3) For files whose CV’s still exceeded 7%, graphs 
were made of aligned whorl number against whorl 
height. Specimens that still clearly lay outside the range 
of variation of the others were noted and these spec- 
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imens were manually adjusted by one whorl in either 
direction in the data file. 

4) For one file, the range of variation in the whorl 
number/whorl height graph suggested that the speci- 
mens were all poorly aligned. This file (PERDIT1) was 
run through the program HISPIRE2, which aligns 
whorls by whorl expansion rate (W of Raup, 1966). 
See Morris and Allmon (1994) for further discussion. 

5) Each data file had been run separately up to this 
point, yet single species were represented by many data 
files, and all of these now had to be aligned to each 
other. To do this, each separately aligned file was run 
through BMDP program 2D to calculate average val- 
ues of whorl height for each whorl. The resulting values 
were assembled to form a composite average specimen 
representative of each file. 

6) All composite average specimens for each species 
were grouped together and were now themselves run 
through HISPIRE3 in order to obtain alignment among 
the separate data files (i.e., samples) within each spe- 
cies. The results of this HISPIRE run were examined 
and the number of ‘“‘empty”’ whorls (i.e., zeroes) added 
to the beginnings and/or ends of each composite was 
noted. 

7) All files for each species were strung together in 
a new file, and the appropriate number number of 
empty whorls added to each file. The result was a single 
large data file for each species, in which specimens 
within samples and samples with each other had both 
been aligned by HISPIRE. 


APPENDIX 2 
Locality Register 


Listed here are all localities given as occurrences for 
the turritellid species described in this paper. Some 
localities are redundant because of imprecise descrip- 
tions or changes in place names. One or more refer- 
ences are given when these have been available. In- 
formation on lithostratigraphic units from which fos- 
sils were collected is also included if known. When full 
descriptions of localities can be found in readily avail- 
able sources such as Barry and LeBlanc (1942) and 
Toulmin (1977), I have only included their locality 
designation. References to collections following each 
locality are as follows: USGS—U.S.Geological Survey 
localities, listed in registry books deposited in 
U.S.National Museum; PRI—Paleontological Re- 
search Institution, Ithaca, NY; MGS—Mississippi 
Geological Survey; WA—locality from which I have 
collected personally. Page numbers on which each lo- 
cality is cited are listed after the locality description. 


ALABAMA 
Barbour County 


AL-BA-1 type locality of Clayton Fm., RR cut approx. 300 m north 
of Co. Hwy. 28, approx. 0.3 miles east of Clayton (86WA23; USGS 
12164). pp. 83, 91 


Butler County 


AL-BU-1! Toulmin (1977) loc. Abu 1. pp. 68,81 
AL-BU-2 Toulmin (1977) loc. Abu 6. pp. 68,81 
AL-BU-3 Toulmin (1977) loc. Abu 11. pp. 68, 81 
AL-BU-4 Toulmin (1977) loc. Abu 3. pp. 73 


Choctaw County 


AL-CH-6 Tuscahoma Landing, Tombigbee River; Tuscahoma Fm. 
incl. Bells Landing Marl (Toulmin, 1977, loc. ACh-2; USGS 5472). 
pp. 63, 83, 86 

AL-CH-9 roadcut on Co. Hwy 21, approx. 1.3 miles south of Bar- 
rytown, 2.9 miles north of jct. with Hwy. 84, approx. 0.1 miles 
south of bridge over Souwilpa Creek, Coffeeville Lock and Dam 
7.5 min. quad., T.10 N, R.3 W, sec 24; Upper Lisbon Fm. and 
Gosport Sand (?) (Toulmin, 1977, Loc. ACh-8; 85WA115). p. 69 

AL-CH-11 road cut on Ala. Hwy 17, 6.7 mi N of Butler courthouse, 
sec 22 T 14 N, R 2 W; Bells Landing Mbr, Tuscahoma Fm. 
(Toulmin, 1977, loc. Ach12). p. 63 

AL-CH-12 Toulmin (1977) loc. Ach20. pp. 63, 86 


Clarke County 


AL-CL-1 Choctaw Corner. p 73 
1b 1% mi WSW of Choctaw Corner. p. 73 
lc headwaters of Beaver Creek, approx. / mi E of Choctaw Cor- 
ners (USGS 7153, 7154). p. 73 
Id “gully on land of Henry Jackson, near middle of sec 7, T 11 
N, R 2 E, about 3 miles west of Choctaw Corners” (Bowles, 1939, 
p. 303) (USGS 7155). p. 73 

AL-CL-2 Woods Bluff, left bank of Tombigbee River, sec 15, T 11 
N, R 1 W; Bashi Fm. (Toulmin, 1977, loc. Acl2; USGS 262, 2667, 
3099, 3100, 5470, 6205, 6206, 6207, 7482). p. 73 

AL-CL-4 Little Stave Creek, approx. 3 mi. north of Jackson, approx. 
0.75 mi. west of Hwy. 43, Jackson 7.5 min. quad. T.7 N, R.2 E, 
sec 20,29; Marianna Ls., Yazoo Fm., Moody’s Branch Fm., Gos- 
port Sand, Lisbon Fm., Tallahatta Fm. (83WA07,08, 85WA84). 
pp. 46, 69 

AL-CL-7 road cut on east side of Ala. Hwy. 69, south side of Bashi 
Creek, 2.5 miles south of Marengo Co. line, 1.3 miles north of Camp- 
bell, T.11 N, R.1 E, sec 9 (Toulmin, 1977, Loc. Acl-1). p. 73 

AL-CL-13 Coffeeville Landing, left bank Tombigbee River, Coffee- 
ville 7.5 min. quad., R.1 W, T.9 N, sec 8,17 (Toulmin, 1977, Acl3) 
(85WA103, 86WA59; USGS 12181). pp. 77, 79 

AL-CL-14 faulted blocks downstream from Coffeeville Landing, left 
bank Tombigbee River, Coffeeville 7.5 min. quad., section 17; 
Lisbon Fm. (83WA03,04, 85WA108, 86WA60). pp. 51, 54 

AL-CL-16 between Alabama and Tombigbee Rivers, 1 mi SW of 
Rockville, 8.5 mi SE of Jackson (USGS 6157). p. 54 


Coffee County 


AL-CO-1 Elba Dam on Pea River; Bashi Fm. (Toulmin, 1977, ACof- 
1) (85WA114, 86WA45; USGS 10013, 10780). pp. 51, 72 

AL-CO-2 near mouth of branch flowing into Pea River at Church- 
wells Branch, 5.5. mi S of Elba (USGS 10012, 10781.) . p. 73 


Conecuh County 


AL-CN-1 E side of Sepulga River on land of J.G.Robinson, sec 13, 
T4N, R 13 E (USGS 6737). pp. 54, 77 
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Dale County 


AL-DA-1 Becks Mill (Munn’s Mill), bed of Pea River, just upstream 
of Veterans Memorial Bridge (Hwy. 231), sec 7, T 7 N, R 23 E 
(Toulmin, 1977, Loc. Ada-2; 86WA41; USGS 10769). pp. 63,83. 
86, 88 

AL-DA-3 “hillside at swimming pool, near Atlantic Coast Line RR 
Station, Ozark” (Bowles, 1939.. p. 303); Bashi Fm. (USGS 11093). 
p. 73 

AL-DA-4 shell bed in bank of Hurricane Creek, a southward flowing 
tributary of the Choctawatchee River, beneath bridge on Ala. Hwy 
134 to Enterprise, approx. 4 mi W of jct with old US Hwy. 231, 
sec 2 T 4 N, R 24 E; Bells Landing Mbr. p 63 


Henry County 


AL-HE-1 Toulmin (1977) loc. Ahe3. p.68 

AL-HE-2 Toulmin and LaMoreaux (1963, p.399) bed 8 (Clayton 
Fm.), 80.7-80.4 mi above confluence of Flint and Chattahoochee 
Rivers, approx 8 mi above Ft. Gaines. p. 61 

AL-HE-3 approx. 7 mi above Ft. Gaines, near Morris Landing (Veatch 
and Stephenson, 1911, p.220),; Clayton Fm. p.61 

AL-HE-4 Toulmin (1977) loc. Ahel. p. 63 


Marengo County 


AL-MA-1 Nanafalia Landing, Tombigbee River, Pennington 7.5 
min. quad., T.14 N, R.1 E, section 31 (USGS 271, 5641) 
AL-MA-2 Toulmin (1977) loc. Ama-1; Porters Creek Fm. 


Monroe County 


AL-MO-1 Claiborne Landing and Bluff, left bank Alabama River, 
downstream from Hwy. 84 bridge at Claiborne, outcrops at water 
level and up steep bluff mostly overgrown except for occasional 
slumps, Claiborne 7.5 min. quad. T.7 N, R.5 E, section 25 
(85WA95,96,97, 86WAS57) 
la = Gosport Sand in bluff (USGS 263, 2391, 2867). pp. 46, 51, 68 
1b = Upper Lisbon Fm. exposed at base of bluff on river bank 
(USGS 2395, 2396, 12171). pp. 54, 77, 79 

AL-MO-3 Bell’s Landing, left bank of Alabama River, Hybart 7.5 
min. quad. T.10 N, R.6 E, sec 36; Bells Landing Marl Mbr., 
Tuscahoma Fm. (85WA85, 86WA55; USGS 260, 2669, 3098, 
5593, 5594, 5595). pp. 63,83, 86 

AL-MO-4 Lisbon Landing/Lisbon Bluff, right bank Alabama River, 
approx. | mi S of Claiborne Lock and Dam, Claiborne 7.5 min. 
quad., T.7 N, R.5 E, sec 3; Lower Lisbon Fm. (fide Toulmin, 
1977) (85SWA94; USGS 3105, 5511, 6086). pp. 68, 77 
4b Lisbon Bluff, Bed 7 of Cooke section (USGS 13431, 14215). 
p. 68 
4c Lisbon Bluff, Bed 4 of Cooke section (USGS 13433). p. 68 
4d 1 mi S of Lisbon Landing. pp. 54, 79 

AL-MO-5 Gregg’s Landing, right bank Alabama River just downstream 
of island, Hybart 7.5 min. quad., T.10 N, R.6 E, sections 20, 29; 
Greggs Landing Marl Mbr., Tuscahoma Fm. (85WA86, 86WAS56, 
USGS 268, 2670, 3117, 3118, 3604, 5642). pp. 63, 83, 86 

AL-MO-11 Rattlesnake Bluff, left bank Alabama River, Claiborne 
7.5 min. quad., T.7 N, R.5 E, section 31; Gosport Sand (83WA0O9, 
85WAQ8). p. 68 


Pike County 


AL-PI-1 Three Notch Road., middle of sect. 17, T 8 N, R 20 E, 4 
mi NE of Henderson; Nanafalia Fm. (USGS 10765). pp. 63, 88 
AL-PI-2 4.6-4.8 mi. north of Henderson on Co. Hwy. 21 (not 

marked —first right on entering Henderson from east on Hwy. 6) 
(Toulmin, 1977, Loc. Api-2?) (36WA42). p. 86 
AL-PI-6 County hwy 3 in abandoned road bed on N side of paved 


road 1.0 mi NW of Henderson sec 7 T 8 N, R 20 E; Nanafalia 
Fm. (Toulmin (1977) loc. Apil). pp. 63, 86 


Washington County 


AL-WA-2 Hatchetigbee Bluff, right bank Tombigbee River at sharp 
bend, Tattlersville 7.5 min. quad., T.8 N, R.1 W, sections 
17,38,20,21; type section, Hatchetigbee Fm. (Toulmin, 1977, Awa- 
1; 83WA05,06, 85WA100, 86WA61). p. 73 

AL-WA-6 outcrop on Tombigbee River near Lone Star Cement Co. 
quarry, Tattlersville 7.5 min. quad., T.8 N, R.1 W, section 32; 
Gosport Sand (85WA101). p. 69 


Wilcox County 


AL-WI-1 Yellow Bluff, right bank Alabama River at sharp bend, 
Pine Hill 7.5 min. quad., T.11 N, R.6 E, sec 18,19 (Toulmin, 
1977, Awil9; 85WA87; USGS 3121, 7480, 10782). pp. 63,86 

AL-WI-2 | mile west of Oak Hill (USGS 3107). p. 81 

AL-WI-3 Matthew’s Landing, right bank of Alabama River at bend, 
Lee Long Bridge 7.5 min. quad., T.12 N, R.6 E, section 2 (85WA91, 
86WAS53; USGS 3116, 2671, 5596). pp. 68, 81 

AL-WI-9 Prairie Creek; Clayton Fm. (USGS 264). pp. 53,61, 68, 
81, 83 

AL-WI-12 Dales Branch, near Oak Hill. p. 53 

AL-WI-13 2 mi W of Oak Hill. p. 53 

AL-WI-16 “Black Bluff’ beds, surface of praines at Graveyard Hill, 3 
mi W of Oak Hill Post Office; Clayton Fm. (USGS 3102 ?). p. 68 

AL-WI-18 Lower Peachtree Ferry, Alabama River. pp. 83, 86 
18b Lower Peachtree Ferry, ‘*2nd fossil horizon, 60 ft. from top, 
80 ft. from bottom of bluff’ (Bowles, 1939, p. 299) (USGS 5602). 
p. 63 
18c descent to Lower Peachtree Ferry; Tuscahoma Fm. (Cooke 1926, 
p.264) (USGS 10779) (= AL-WI-34). p. 63 

AL-WI-21 Black Creek branch of Prairie Creek (USGS 283). pp. 68, 81 

AL-WI-24 downgrade of Hwy. 21 toward creek, just north of ject. 
with Hwy. 28; type locality of Pine Barren Mbr.,MacBryde Mbr., 
Clayton Fm. (Toulmin, 1977, Loc. Awi-3; 85WA78) p. 68 

AL-WI-25 outcrop on east side of road, approx. 2.0 miles north of 
jet of Hwy 41 and 10 at Camden; Lower Mbr., Porters Creek Fm. 
(Toulmin, 1977, Loc. Awi-27; 85WA79). p. 68 

AL-WI-36 Clayton Fm. (USGS 281). pp. 68, 81 

AL-WI-37 Clayton Fm. (USGS 284). pp. 68, 81 

AL-WI-38 top of hill 0.8 mi W of J Lee Long Bridge in ditch and 
field near jct Ala Hwy 10 and 28 sec 7 T 13 N, R 7 E; Clayton 
Fm. (LaMoreaux and Toulmin, 1959, p.54) (Toulmin (1977) loc. 
5). p. 68 

AL-WI-39 Clayton Fm. (Toulmin (1977) loc. 31). p. 68 

AL-WI-40 Clayton Fm. (Toulmin (1977) loc. 34). p. 68 

AL-WI-41 Clayton Fm. (Toulmin (1977) loc. 37). p. 68 

AL-WI-42 Porters Creek Fm. (Lower Member) (Toulmin (1977) loc. 
8). p. 68, 81 

AL-WI-43 Porters Creek Fm. (Lower Member) (Toulmin (1977) loc. 
10). pp. 68, 81 

AL-WI-44 Porters Creek Fm. (Lower Member) (Toulmin (1977) loc. 
26). pp. 68, 81 

AL-WI-45 Porters Creek Fm. (Matthews Landing Mbr.) (Toulmin 
(1977) loc. 11). pp. 68, 81 

AL-WI-46 Porters Creek Fm. (Matthews Landing Mbr.) (Toulmin 
(1977) loc. 12). pp. 68, 81 

AL-WI-47 Porters Creek Fm. (Matthews Landing Mbr.) (Toulmin 
(1977) loc. 13). pp. 68, 81 

AL-WI-48 Porters Creek Fm. (Matthews Landing Mbr.) (Toulmin 
(1977) loc. 14). pp. 68, 81 

AL-WI-49 Naheola Fm. (Coal Bluff Marl Mbr.) (Toulmin (1977) 
loc. 16). pp. 68 
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AL-WI-50 Clayton Fm. (Toulmin (1977) loc. 3). p. 81 

AL-WI-51 Camden—Oak Hill Hwy [Hwy 10] road cut 9.9 mi E of 
Camden NE 4 sec 10 T 11 N, R 9 E, at school near Rosebud 
Porters Creek Fm. (Lower Mbr.) (Toulmin (1977) loc. 9; 85WA80; 
Siesser, 1983, loc.A15). p. 81 

AL-WI-52 Porters Creek Fm. (Lower Mbr.) (Toulmin (1977) loc. 
35). p. 81 

AL-WI-53 Naheola Fm. (Coal Bluff Marl Mbr.) (Toulmin (1977) 
loc. 20). pp. 53, 81 

AL-WI-54 Naheola Fm. (Coal Bluff Marl Mbr.) (Toulmin (1977) 
loc. 25). p. 53 

AL-WI-55 “new hwy to Camden, 9.7 mi W of Pineapple”; Nanafalia 
Fm. (USGS 10766). pp. 63, 86 

AL-WI-57 Toulmin (1977) loc. 23. p. 63 

AL-WI-58 Toulmin (1977) loc. 19. p. 63 

AL-WI-59 “state Hwy 96, 10.3 mi NE of Kimbrough” (Stenzel and 
Turner, 1942, card 46) p. 53 


ARKANSAS 
Bradley County 


AR-BR-1 well ~ 30 yds NW of Lee Hammaker’s house, middle of 
sec. 8, T 12 S, R 9 W, approx. 18 mi w of Rison (USGS 2404). 
pp. 47, 49 


Cleveland County 


AR-CL-1 Vince Ferry, Saline River (PRI Loc. 897) Ib % mi above 
Vince Bluff (USGS 2403). pp. 47, 49 

AR-CL-4 well at Rison, NE %4, sec 1, T 9S, R 11 W (USGS 223 
pp. 47, 49 4b well at Rison, SE %4, SW %4, sec 1,T9S,R 11 
(USGS 2413). p. 49 

AR-CL-7 well at the Orton place, Toledo (USGS 2410). p. 49 

AR-CL-8'2 mi N of Crossroads Church, 4.5 mi NW of Kingsland 
T9S, R 12 W, SW % sec 22 (USGS 2420). p. 47 


1). 
WwW 


Drew County 
AR-DR-1 Wadsworths well, Long Prairie. p.47 


Jefferson County 


AR-JF-1 White Bluff, left bank of Arkansas River ~ 3.5 mi E of 
Redfield, W '2, SE %, sec 19, T 2S, R 10 W and W '2, NE ', 
NW '% sec 30, T 3 S, R 10 W [fossil bed covered by backwater 
from dam— 1985] (USGS 2220). pp. 47, 49 


Lonoke County 
AR-LO-1! near Cabot (Harris, 1894, p.25-6). p. 61 
Pulaski County 


AR-PU-1 near Olsens switch, a few miles SW of Little Rock. p.68 
AR-PU-4 Fourche Cr., near mouth of Crooked Creek, 8-9 mi SW 
of Little Rock (Stephenson and Crider, 1916, p.49). p. 61 


St. Francis County 


AR-SF-1 Hwy 70 over Crow Creek, approx. 3.0 mi. east of Forest 
City, approx. 0.5 mi. west of Madison, Madison 7.5 min. quad. 
R.3 E, T.5 N, section 25 (85WA56; PRI 1046; USGS 4157?). pp. 
47, 49 

AR-SF-2 upstream of RR bridge over Little Crow Creek, southwest 
of Madison, Madison 7.5 min. quad., T.5 N, R.3 E, section 36 
(85WAS7; USGS 4266?; PRI 1048). pp. 47, 49 

AR-SF-4 Crowleys Ridge, Big Crow Creek (USGS 4156; PRI 894). 
pp. 47, 49 


White County 


AR-WH.-1 Bradford (Harris, 1894, p. 25; Stephenson and Crider, 
1916, p.51). p. 61 


AR-WH-2? cut of St. Louis, Iron Mountain and Southern RR , 4 mi 
S of Grandglaise (Stephenson and Crider, 1916, p.52). p. 61 


FLORIDA 
Citrus County 


FL-CI-1 Large quarry around 5 mi.SE of Crystal River. (MacNeil, 
1946.) p. 74 
FL-CI-2 Suwannee River at Ellaville. (MacNeil, 1946.) p. 74 


Leon County 


FL-LE-1! **Road metal pit 2.9 mi S of the northern limits of the town 
of Gulf Hammock, just SW of state road 55." SW ‘4 Sec. 34, T. 
l4 Sy Ro 16 Bp: 72 

FL-LE-2 “About s mile below the Florida Power Corporation Plant 
at Inglis, Florida, on the right bank of the Withlacoochee River.” 
SE 4 NW '4 Sec 3, T17S, R16E. p. 72. 


Marion County 


FL-MA-1 Martin Station, old railroad station, 10 mi N of Ocala, at 
junction of Hwy 441 and Martin-Anthony road. p. 74 


GEORGIA 
Bibb County 


GA-BI-1 Brown’s Mountain, near Bond’s Store, 9 mi S of Macon 
(USGS 7696?). p. 69 


Burke County 


GA-BU-1 5.0 mi W of Waynesboro on Hwy. 24, E side of bridge 
over Rocky Creek (86WA03; USGS 39357). p. 47 

GA-BU-3 Sloan’s Scarp, McBean Creek, between McBean Station 
and Savannah River, on Burke-Richmond Co. line (Veatch and 
Stephenson, 1911, p. 239) (USGS 5296). pp. 54, 69, 77 

GA-BU-7 “McBean Creek, on land on Henry Byn”’ (Bowles, 1939, 
p. 287) (USGS 3288). p. 54 

GA-BU-8 4.5 W of Hancock Landing, Savannah River (Veatch and 
Stephenson, 1911). p. 69 

GA-BU-9 spring on Percy Boyd farm, 3.5 mi SW of Shell Bluff Post 
Office (Veatch and Stephenson, 1911). p. 69 

GA-BU-10 “Dukes Bridge’ —4 mi E of gouge on Waynesboro Rd. 
(“Barnwell’’—ANSP collection). p. 69 


Clay County 


GA-CL-2 left bank of Chattahoochee River at approx. mi 71.3 above 
confluence with Flint River; Nanafalia Fm. (Bed 16, Toulmin and 
Lamoreaux, 1963) (86WA27). p. 63 

GA-CL-3 right bank of Chattahoochee River, near Morris Landing, 
approx. 7 mi above Ft. Gaines; “collected at waters edge during a 
low level of the river” (Bowles, 1939, p.298) (USGS 5478). p. 61 

GA-CL-4 old road, approx. 2 mi E of Days Crossroads, “s—/ mi W 
of Fairview School, 9 mi N of Ft. Gaines; Tuscahoma Fm. (USGS 
12018). p. 86 

GA-CL-6 exposure on east bank of Chattahoochee R. at mile 80.5 
(above confluence with Flint R.); Clayton Fm. (bed 8 of Toulmin 
and LaMoreaux, 1963) (Toulmin, 1977 loc. Gel2). pp. 61, 91 

GA-CL-7 just above mouth of Sandy Creek, Chattahoochee R. (ANSP 
collection). p. 63 


Glascock County 


GA-GL-1 English Plantation, 1.5 mi N of Gibson (Veatch and Ste- 
phenson, 1911, p.273). p. 69 

GA-GL-2“‘ss ledges at base of Barnwell near Rocky Comfort Creek” — 
Cooke, 1943, p.63. p. 49 
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Henry County 


GA-HE-1 Chattahoochee River, Franklin Landing boat ramp; Nan- 
afalia Fm. (Toulmin, 1977, Loc. AHe-1; 86WA26). p. 63 


Houston County 


GA-HO-1 Mossy Hill, 4.5 mi S of Perry (Veatch and Stephenson, 
1911, p.258). p. 69 

GA-HO-2 Perry-Elko public road, 4.5 mi S of Perry (Veatch and 
Stephenson, 1911, p.259). p. 69 


Jefferson County 


GA-JF-1 Old Town rd., E side of Boiling Spring Creek, 7.5 mi SE 
of Louisville (USGS 5247?, 74287). p. 69 


Jones County 


GA-JO-1 cut on Ga RR | mi E of Roberts (Veatch and Stephenson, 
1911, p.281); “McBean Fm.”’. pp. 46, 47, 49, 69 


Macon County 


GA-MA.-1 Flint River at the county bridge, | mi NW of Montezuma; 
Clayton Fm. (USGS 3994). p. 61 


Randolph County 


GA-RA-1 approx. 1.8 mi S of Stewart-Randolph Co. line, approx. 
9 mi N of Cuthbert; MacBryde limestone exposed as blocks and 
in bed of dirt road on west side of hwy. (Toulmin, 1977, Loc. 
GRa-1; 86WA21). p. 68 

GA-RA-3 “Green’s Branch”, exposures along stream at small wa- 
terfall approx. 500 m W of Hwy. 266, | miS of jct. with Co. Hwy. 
15, access behind old farm barn, top of hill Bashi Fm. (GSA ’80, 
stop 13, p.455) (86WA24). pp. 51, 73 

GA-RA-4 old quarries | mi NW of Cuthbert (Veatch and Stephen- 
son, 1911, p.266). p. 69 


Schley County 


GA-SL-1 5 mi W of Ellaville (USGS 12092). p. 81 

GA-SL-2 Walls Crossing, 4-5 mi NW of Ellaville. p. 68 

GA-SL-3 Lumkin Farm on Goldendale Creek, 6 mi SE of Ellaville 
(Veatch and Stephenson, 1911, p. 235). p. 61 


Sumter County 


GA-SU-1 50 foot bluff R side of Flint River, 16.5 mi E of Americus, 
near old Danville Ferry (Veatch and Stephenson, 1911, p.260). p. 69 


Twiggs County 


GA-TW-7 Gallemore Station (Veatch and Stephenson, 1911, p.256). 
p. 69 


Washington County 


GA-WA-4 2 mi S of Chalker (Veatch and Stephenson, 1911, p.276). 
p. 69 

GA-WA-S Little Keg Creek, 7 mi NNW of Sandersville (Cooke, 
1943, p.55). p. 69 


Webster County 
GA-WE-1 Lime Spring, Cole property, 2 mi SE of Preston. p. 81 


Wilkinson County 


GA-WI-1 “farm of JW Huckabee, 1.5 mi N of Lewiston” (Veatch 
and Stephenson, 1911, p.278). p. 69 


LOUISIANA 
Bienville Parish 


LA-BI-1 Holstons Well, 5 mi SE of Gibbsland (USGS 2033). pp. 
51, 65 

LA-BI-2 Mt. Lebanon (USGS 2911). pp. 51, 65 

LA-BI-3 well at Rabun’s place, sec 19 T 17 R 5 W (USGS 2037). 
p. 51 

LA-BI-4 sec 17 T 18 R 5 W (USGS 2034). p. 65 

LA-BI-5 bluff on Hammetts Branch, sec 30, T 18 R 5 W (USGS 
2035). p. 65 

LA-BI-6 well #1, sec 17 T 18 R 6 W (USGS 2045). p. 65 

LA-BI-7 Hammetts Branch, 2 mi E of Mt. Lebanon (USGS 2400). 
p. 65 

LA-BI-8 Hammetts Branch, SW '4 sec 30 T 18 N R 6 W (USGS 
2917). p. 65 


Caldwell Parish 


LA-CL-1 Gibson Landing, Ouachita River 
1b,1d 1 mi above landing. p. 46 
lc at landing. p. 46 
le 2 mi below landing. p.46 
lg ¥% mi below landing. p.46 
1h 1 mi below landing (PRI loc. P8). p. 46 
LA-CL-2 Bunker Hill Bluff and Landing, right bank of Ouachita 
River at bend, Columbia 15 min. quad., R.5 E, T.13 N, section 
19 (85WA60, 86WA75). p. 46 
LA-CL-3 Grandview Bluff, Ouachita River . p. 46 
LA-CL-6 Wyant Bluff (PRI loc. P2). p. 47 


Catahoula Parish 


LA-CA-1 Danville Landing, right bank Ouchita River at Catahoula- 
Caldwell Parish line, Harrisonburg 15 min. quad., T.11 N, R.5 E, 
section 15, T.10 N, R.5 E, section 22 (85WAS52). p. 49 

LA-CA-2 Carter Landing, Ouachita River. p. 49 


Claiborne Parish 


LA-CB-1 Pittmans Mill, SW 4, SE % sec 19 T 19 R 7 W (USGS 
2038). p. 51 
LA-CB-2 secs 1,2,11,12, T 19 N, R 6 W (USGS 10794). p. 65 


Franklin Parish 
LA-FR-1 well at Winnsboro (USGS 10456). p. 46 


Grant Parish 


LA-GR-1 (Creole Bluff) Montgomery Landing, bluffs below ceme- 
tery, E side of Red River, Montgomery 15 min. quad, R.5 W, T.8 
N, sec 20 (PRI locs. 883,10,15; 85WA49, 86WA76). pp. 46, 47, 
49, 50, 75 
la Montgomery Landing. p. 46 
1d '2 mi below ferry (PRI loc. 883) . p. 47 


Jackson Parish 

LA-JA-2 “from gullies north of old Quitman-Liberty Hill Road on 
Mrs. JM Turners place west of Madden Creek, sec 15, T 16 N, R 
3 W, 3.6 mi W of Quitman RR xing” (TBEG loc. La-7) (Stenzel 
and Turner, 1940). p. 51 


La Salle Parish 


LA-LS-1 ‘‘Urania well no. 1, drilled by the Simms Oil Co. at Urania” 
(Bowles, 1939, p. 307) (USGS 8931). p. 46 
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Natchitoches Parish 


LA-NA-5 Road cut along local road in center of NE “% Ne 4 sec 19, 
T9N, R 8 W; Pendleton Fm. (Le Blanc (1942) loc. 59). p. 63 
LA-NA-6 Road cut in NW '% SE 4 sec 33, T 10 N, R 10 W, along 
dirt road leading west from L. Hwy. 404; Midway Group (Le Blane 
(1942) loc. 8). pp. 81, 84 

LA-NA-12 RR cut 75 yds E of depot at Marthaville; Marthaville 
Fm. (LeBlanc (1942) loc. 21) p. 63 

LA-NA-14 about 50 yds N of La Hwy | in Roe’s field, NW 4, NE 
Y%4 SW “% sec 26, T 9 N, R 10 W; Marthaville Fm. (LeBlanc (1942) 
loc 16). p. 63 

LA-NA-15 road cut along local road, SW 4 NW % SE % sec 24 T 
9 N, R 10 W; Marthaville Fm. (LeBlanc, 1942, loc. 15). p. 63 

LA-NA-16 Pendleton Fm. (Le Blanc, 1942, Loc.55). pp 63, 86 

LA-NA-17 Pendleton Fm. (Le Blanc, 1942, Loc. 56). p. 63 


Rapides Parish 


LA-RA-1 well 2 mi NW of Boyce (Bowles, 1939, p. 277) (USGS 
7743). p. 47 

LA-RA-2 well of Cotile Oil and Gas Co., near Boyce (Bowles, 1939, 
p. 277) (USGS 7944). p. 47 

LA-RA-3 Boyce Oil Co. Well, 6 mi SW of Boyce (1535-2766’) (USGS 
7247). p. 75 


Sabine Parish 


LA-SA-9 Undifferentiated Midway Group (Le Blanc (1942) loc. 1). 
p. 84 

LA-SA-19 Marthaville Fm. (Le Blanc, 1942, Loc.37). p. 83 

LA-SA-20 Pendleton Fm. (Wassem and Wilbert (1943) loc. 4). pp. 
63, 83 

LA-SA-21 Pendleton Fm. (Wassem and Wilbert (1943) loc. 5). pp. 
63, 83, 86 

LA-SA-22 Pendleton Fm. (Wassem and Wilbert (1943) loc. 7). pp. 
63, 83 


Winn Parish 


LA-WI-1 St. Maurice, Saline Bayou (USGS 2005, 2916, 4272). pp. 
46, 51, 69, 78 
LA-WI-2 c. 10 mi NW of Winnfield (USGS 2919). p. 51 


MARYLAND 
Anne Arundel County 


MD-AA-5 South River, 2.5 mi from Annapolis (USGS 3934) (=? 
MD-AA-3). pp. 55, 85 


Charles County 


MD-CH-2 Popes Creek. p. 65 
MD-CH-7 Glymont, bluff on E side of Potomac River, 0.5 mi N of 
Potomac Heights. p. 55 


Prince Georges County 


MD-PG-3 Upper Marlboro. p. 55 

MD-PG-5 Piscataway (USGS 13451). pp. 55, 85 

MD-PG-7 E bank of creek 100 yds NNW of reservation parking 
area A-A at Fort Washington Park, 4 mi NNE of Fort Washington 
(=? USGS 2370) p. 85 

MD-PG-10 ravine, 1 mi E of Fort Washington (USGS 2029). pp. 
55, 85 

MD-PG-12 south bluff of Southwest Branch, just west of Capital 
Beltway and jct with Central Ave. (no longer exposed); Brightseat 
Fm. (Govoni (1983) loc. A). pp. 64, 90 

MD-PG-13 banks and stream bed of small tributary to Cattail Branch, 


just south of Sheriff Road and east of Paca School and west of jet 
of Brightseat Rd with Sheriff Rd. (no longer exposed); Brightseat 
Fm. (Govoni (1983) loc. B). pp. 64, 90 

MD-PG-14 banks of small tributary to Cabin Branch, just south of 
Central Ave (Md Hwy 214) just east of jct with Addison Rd.; 
Brightseat Formation (Govoni (1983) loc. C). pp. 64, 90 


MISSISSIPPI 
Clarke County 


MS-CL-1 cuts on both sides of the Southern Railroad north of Wat- 
tubbee, T.3 N, R.14 E, sec 3 Archusa Marl Mbr, Cook Mtn Fm. 
(MGS Loc. 61,62; 85WA29,30) [these localities are probably at 
or near locality usually called ““Wattubbee” or ‘““Wattubbee Hills” 
by earlier authors—fide Dockery, 1980:14; USGS 338, 2616, 3092, 
6479). pp. 51, 54, 69, 77, 79 

MS-CL-2 in wash of Rose Hill Road, 8 mi W of Enterprise (USGS 
2621; PRI 729). pp. 51, 54, 77 

MS-CL-3 high bank of Garland Creek, about | mi. upstream along 
right fork, T.1 N, R.16 E, sec 28 (MGS Loc. 9; 85WA70; USGS 
6471) [Garland Creek loc. of authors = USGS 330, 2630, 6471). 
pp. 46, 47, 75 

MS-CL-5 2-3 mi E of Shubuta. p. 54 

MS-CL-7 McLeod’s mill, Suwanlovey Cr., 6 mi W of Desoto sta. 
on RR (USGS 14220). p. 54 

MS-CL-15 left bank of Chickasawhay River, at bend just below old 
hunting lodge, T.1 N,R.16 E, section 30 (MGS Loc. 16; 85WA72). 
pp. 47, 75 

MS-CL-16 “wash of Old Enterprise road, at residence of Mr. 
J.Harrison Johnson, 8 mi S of Hickory and 12 mi NW of Enter- 
prise’’ (Bowles, 1939, p. 279) (USGS 2622). pp. 51, 54, 69, 77 

MS-CL-17 ‘in a washed off place in Mr. J.H.Johnson’s farm, south 
of the creek and about 9 '2 miles south of Hickory” (Bowles, 1939, 
p. 279) (USGS 2623). pp. 51, 54, 69, 77 

MS-CL-18 S bank of Chickasawhay River at bridge on Hwy. 45, 1 
mi S of Quitman (USGS 14218). pp. 47, 54 

MS-CL-19 bluff on old bridge site on SW bank of Chickasawhay 
River, De Soto (USGS 14229; MS-CL-4?). p. 54 


Hinds County 


MS-HN-1 Jackson. p.47 
1b “Greens marl bed”’ (USGS 54, 58). pp. 46, 75 
lc “Jackson marl bed” (USGS 64, 3665, 13398). p. 46 
1d “‘south of pump house” (USGS 734). p. 46 
le “Bailey’s Marl Bed” (USGS 59). p. 75 

MS-HN-2 Dry Creek, Jackson. p. 46 

MS-HN-3 Town Creek. pp. 46, 75, 78 

MS-HN-4 Moody’s Branch (USGS 60, 63, 3735, 3746, 6462, 10377). 
pp. 46, 47, 75 4b Moody’s Branch, first bluff below first bridge, 
east of the Institute for the Blind (USGS 4250). p. 46 

MS-HN-6 Riverside Park, Jackson, ravine behind old Riverside 
swimming pool, T.6 N, R.1 E,sect 36; Moody’s Branch Fm. (MGS 
Loc. 2; 85WA24). pp. 46, 75, 78 


Lauderdale County 


MS-LA-3 McKays Marl Bed, Souwashee Creek, 2 mi S of Meridian; 
Bashi Fm. (USGS 2105) p. 73 

MS-LA-4 “cut on Memphis and Meridian RR, 300 yards south of 
Seymours Hill, 1 2 miles south of Meridian” (Bowles, 1939, p. 
303); Bashi Fm. (USGS 7267, 7734, 10055). p. 73 


Newton County 


MS-NE-1 “Indian mound railroad cut on the side of Pottoxchitto 
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swamp, 4 12 miles east of Newton” (Bowles, 1939, p. 279) (PRI 
loc. 726; USGS 2620, 14058; MGS 67). pp. 51, 54, 69, 77, 

MS-NE-2 Hickory. p 51, 69, 79 

MS-NE-3 2 mi NE of Newton on Rt 15 (PRI loc. 1803). p. 69 

MS-NE-7 jet. of I-20 and Hwy.15, outcrop in grass behind gas sta- 
tion, southwest corner of intersection; Cook Mountain Fm. 
(85WA41; MGS 65). p. 69 

MS-NE-9 “in wash of road from Newton to Decatur, about 3 miles 
northeast of Newton, in hill going down to Pottoxchitto Creek” 
(Bowles, 1939, p. 279) (USGS 2618). p. 77 

MS-NE-10 “in wash of old Enterprise road, going down the hill to 
the Pottoxchitto swamp, 2 miles southeast of Hickory” (Bowles, 
1939, p. 279) (USGS 2624; MS-NE-5?). pp. 51, 54, 69, 78 

MS-NE-11 ‘tin wash of the old General Jackson road from Nashville, 
Tennessee to New Orleans, | mile south of Hickory” (Bowles, 
1939, p. 279) (USGS 2625). pp. 51, 77 


Tippah County 


MS-TI-8 type section of Owl Creek Fm. (Cretaceous), Ripley 7.5 
min. quad., approx. 2.75 mi NE of Ripley; Clayton Limestone 
exposed upstream from best Owl Creek exposures (86WA69; USGS 
64977). p. 80 

MS-TI-9 ravine just N of Booneville Rd., 3 mi NE of Ripley (USGS 
5586). p. 80 

MS-TI-10 bluff on small stream approx. 1.5 mi S of Ripley (USGS 
6496). p. 80 


Yazoo County 


MS-YZ-1 Sims Siding, 8 mi N of Yazoo City, “roadside on hill at 
Sims Station, Yazoo & Miss. RR 10 mi N of Yazoo City, 2 mi S 
of Eden” (USGS 7674). pp. 49, 78 

MS-YZ-2 Tcheva Creek, just upstream from Hwy. bridge, T.13 N, 
R.1 E, section 32 Moody’s Branch Fm. (MGS Loc. 11; 85WA65). 
pp. 49, 50, 75 

MS-YZ-4 Locust Grove Plantation, 1.5 mi S of Sartartia (Bowles, 
1939, p. 277) (USGS 7393). p. 47 

MS-YZ-5 Miss Lite Clay Pit at Cynthia, T.7 N, R.1 W, sec 25; 
Yazoo Clay (MGS Loc. 15; 85WA64; =MS-HN-7). p. 47 

MS-YZ-6 near head of ravine, ¥%s mi SE of Free Run on line betw 
se “4 sec 26 and sw '4 sec 25 T 13 N, R 1 W, 10 mi NE of Yazoo 
City (USGS 10118). p. 78 


SOUTH CAROLINA 
Aiken County 


SC-AI-1 Hixon Branch, Tinkers Creek, public rd. 200 ft. E of bridge, 
12.5 mi W of Williston (USGS 4603). p. 78 


Berkeley County 


SC-BE-3 Wilson’s Landing, R bank of Santee River just below Santee 
dam; Black Mingo Fm. (only visible at very low water, 1985) 
(86WA115). pp. 55, 88 


Clarendon County 


SC-CL-2 Kingstree Rd. E of Deep Cr., 5 mi E of Manning; Black 
Mingo Fm. (USGS 10403) p. 55 


Lexington County 


SC-LE-1 “property of Eugene Senn, north of Kennerly road, Lex- 
inton-Calhoun county line, 18 mi north of house, 7 miles east of 
Swansea’”’ (Bowles, 1939, p. 287) (USGS 7731). pp. 54, 78 

SC-LE-2 ‘“‘south of old Bethel Church and east of Lexington-Or- 
angeburg road, about 2 miles southeast of Edmund” (Bowles, 
1939, p. 287) (USGS 7732). p. 54 


Orangeburg County 


SC-OR-1 3 mi WNW of Orangeburg. pp 77, 79 

SC-OR-3 6 mi WNW of Orangeburg. p. 79 

SC-OR-5 Old Columbia Rd., south of Early Branch, 5 mi N of 
Orangeburg (USGS 7722). p. 54 

SC-OR-6 Poosers Hill, 5.1 mi N of Orangeburg (USGS 4580). pp. 
54, 69, 80 

SC-OR-7 Caw-Caw swamp, 2 mi W of Orangeburg (USGS 2009). 
pp.54, 69, 79 

SC-OR-10 Stroman’s Mill, 5 mi SE of Springfield (USGS 7816). p. 54 

SC-OR-11 ‘tat old brickyard in Orangeburg” (Bowles, 1939, p. 287) 
(USGS 2021). p. 54 


Sumter County 


SC-SU-2 approx. 3.5 mi W of Pinewood; Black Mingo Fm. (USGS 
10401). p. 55 


Williamsburg County 
SC-WI-1 roadside, 1.1 mi S of Salters. p. 78 


TENNESSEE 
Hardeman County 


TTN-HA-7a 1.5 mi E of Middleton, 200 ft W of milepost 481 (USGS 
6091). p. 80 

TN-HA-7b 200 ft. E of milepost 481 (USGS 6495). p. 80 

TN-HA-12 McDonald’s Mill, 4 mi SW of Middleton (USGS 2148). 
p. 61 


TEXAS 
Anderson County 


TX-AN-2 1.5 mi SE of Palestine on the Boston Rd. (USGS 10852). 
p. 51 

TX-AN-3 .5 mi E of Robinson on Centerville Rd. (USGS 13266). 
p. 51 


Atascosa County 


TX-AT-2 | mi E of Jourdanton on the Pleasanton Rd. (USGS 13231). 
p. 50 
TX-AT-3 % mi NW of Jourdanton (USGS 8870). p. 50 


Bastrop County 


TX-BA-1 Colorado River, ~ 4 mi below Webberville; Kincaid Fm. 
(USGS 5280) lc 5 mi below Webberville. p. 53 

TX-BA-2 Colorado River at mouth of Dry Creek 2b 2 mi above 
Dry Creek (USGS 10526). p. 53 

TX-BA-3 bluff on right bank of Colorado River, approx. 200 m 
downstream from Hwy 71 bridge at Smithville; Viesca Mbr., 
Weches Fm. (TBEG loc. 11-T-2; USGS 6088, 10386) [outcrop 
overgrown and inaccessible 1985, 1986]. p. 78 

TX-BA-15 1.5-2 mi below Travis-Bastrop Co. line; Wills Point Fm. 
(USGS 11890, 11913, 12113). p. 53 

TX-BA-30 Cedar Creek approx 4 mi SE of Williams Store (USGS 
11909). p. 68 

TX-BA-31 roadside gully /2 mi E of Williams store, Austin Quad. 
(USGS 11911). p. 68 

TX-BA-32 approx. 3 mi SE of Williams store (Gardner, 1935) (USGS 
11910). p. 68 


Brazos County 


TX-BR-1 Little Brazos River, upstream from Hwy. 21 bridge; Whee- 
lock Mbr., Cook Mountain Fm. (85WA07; USGS 14210). p. 50 
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Burleson County 


TX-BU-1 Stone City Bluff (““Moseley’s Ferry), south bank of Brazos 
River just downstream of Hwy. 21 bridge, ~ 11 mi W of Bryan; 
Stone City Beds (85WA06; TBEG loc. 26-T-1; PRI loc. 723; USGS 
5473). pp. 50, 73 

TX-BU-2 [see TX-RO-10]. p. 73 


Caldwell County 


TX-CA-1 5.5 mi N of Lockhart; Kincaid Fm. (= E.A.Moser farm 
approx 2 mi NW of Sims’ oil derrick, USGS 11707) (= TX-CA- 
3). p. 68 


Falls County 


TX-FL-7 roadside gully, “4 mi NW of Stranger School (USGS 11932). 
p. 68 


Houston County 


TX-HO-2 left bank Trinity River, just upstream from old Alabama 
Ferry; access via FM 132 SW of Porter Springs (TBEG loc. 113- 
T-9; 86WA78; USGS 10738, 10735, 10736). p. 79 

TX-HO-13 “Jose Procela League, from water well dug at village gin 
in 1916, Percilla’” (USGS 9257). p. 77 


Hunt County 


TX-HU-1 approx 14 mi SE of Greenville on Lone Oak pike approx. 
50 yds from pike on E side of Cowleach fork just as road climbs 
hill on NE side on pike (USGS 10264). p. 68 


Kaufman County 


TX-KA-1 Water Hill, 5 mi NE of Kemp; Kincaid Fm. (USGS 116657). 
p. 68 

TX-KA-4 4 mi NE of Kemp (USGS 2440). p. 68 

TX-KA-5 old Flat Rock Quarry (now flooded), approx. 5 mi S of 
Ola (85WA20). p. 66 


La Salle County 


TX-LA-1 south side Hwy. 97, 2.8 mi. east of jct. with Hwy. 81 at 
Cotulla (USGS 14296; 86WA116). p. 72 

TX-LA-2 2 mi SW of Shelton Ranch House, 2.5 mi SW of Millet 
(USGS 14298). p. 72 

TX-LA-3 shingle below Brinkley Ranch house, 4 mi NE of Cotulla 
(USGS 14293). p. 72 

TX-LA-4 | mi SW of windmill near Altita Ranch house, 3.5 mi NE 
of Cotulla (USGS 14297). p. 72 

TX-LA-5 2 mi SE of Rockwood on Cotulla-LaMotta Ranch Rd. 
(USGS 14295). p. 72 


Lee County 


TX-LE-11 between Orells and Price’s Crossings, Elm Creek. p. 51 
TX-LE-12 “2 mile creek, first ford above 2 mile Negro Church”, 
3-4 mi S of Middleton (USGS 14213). p. 79 


Leon County 


TX-LO-12 ditch on N side of Concord-Centerville Rd, 0.6 mi SE 
of Robbins crossroad in S corner of JMPowell 100 acre tract, S 
corner of RMTyus survey (Stenzel and Turner). p. 51 

TX-LO-13 bluff on Navasota River, near old iron bridge on 
E.C.Watson 800 acres, J.M.Viesca survey, SW part of county 
(Renick and Stenzel, 1931, loc. 8). p. 51 


Limestone County 
TX-LI-2a 2.5 mi NW of Groesbeck p. 82 


TX-LI-3 limestone quarry of D.P.Frost Construction Co., south side 
of Hwy. 84, west of jct. of Hwy. 84 and Hwy. 14 in Mexia; Te- 
huacana Limestone (85WA19). p. 67 


Maverick County 


TX-MV-1 Bibora Tank, 18 mi S of Eagle Pass (USGS 6583, 11753). 
p. 82 

TX-MV-4a land of Indio Cattle Co., | ¥% mi below White Bluff, ~ 
4 '2 mi SW of Jacal Ranch house 
4b 3.5-4 mi SW of house, Las Islas crossing rd. (USGS 11763). 
p. 82 

TX-MV-6 Indio Wells, 29 mi S of Eagle Pass. p. 82 


Nacogdoches County 


TX-NA-7 road cut 4.8 miles east of Melrose (85WASS). p. 48 
TX-NA-8 road side ditch on road from Chireno to St. Hwy 21 North 
of town (Stenzel and Turner). p. 48 


Robertson County 


TX-RO-6 Dunn’s Ranch. p. 51 

TX-RO-11 Montgomery’s well, 2 mile E of Wheelock (USGS 2048). 
p. 50 

TX-RO-12 Taylors well. 5 mi SE of Franklin, 6 mi NW of Wheelock 
(USGS 2050). pp. 51, 78 


Sabine County 


TX-SA-2b 2 mi below Robinson’s Ferry, center sec 6, T 3 N, R 12 
W (USGS 10516). pp. 47, 50 

TX-SA-3 Sabine River (otcp. 22 of Veatch, 1902). p. 79 

TX-SA-4 bluff ~ 4 mi below Sabinetown ferry landing, ~ “4 mi up 
from bridge (LeBlanc, 1942, loc. 40). pp. 83, 86 

TX-SA-5 Pendleton, / mi down from bridge over Sabine R. on LA 
Hwy 6. p. 63 Sc “4 mi above Pendleton Ferry. p. 63 

TX-SA-19 (Le Blanc, 1942, loc. 51). pp. 63, 83 


Starr County 


TX-ST-1 Alta Vista Ranch, 5.8 mi W, 35° N of Rio Grande City 
(USGS 13799). p. 47 


Zapata County 


TX-ZA-2 1.1 mi NE of benchmark 400, Zapata-Hebbronville Rd. 
(USGS 14290). p. 72 

TX-ZA-3 scarp on S side of Arroyo El Tigre above and below bridge 
on Laredo-Roma Hwy. (USGS 141165, 66, 67, 68). p. 72 

TX-ZA-4 hillside /2 mi ENE of Fordyce Ranch house (USGS 14291). 
py 72 

TX-ZA-5 first bench above Rio Grande above Rio Grande south of 
Ramireno Ford (USGS 14292). p. 72 


VIRGINIA 
Hanover County 


VA-HA-2 right bank of Pamunkey River, 0.5 mi. E of Wickham 
railroad crossing; Piscataway Mbr., Aquia Fm. (86WA106; USGS 
26337). pp. 55, 65, 85 

VA-HA-3 right bank of Pamunkey River, small ravine 0.63 SE of 
mouth of Totopotomoy Creek; Woodstock Mbr., Nanjemoy Fm. 
(86WA107; USGS 26403). p.66 

VA-HA-4 right bank of Pamunkey River, small ravine 3-400 m 
downstream from VA-HA-3; Piney Point Fm. over Woodstock 
Mbr., Nanjemoy Fm. (86WA108). p. 66 


King George County 
VA-KG-3 Woodstock. p. 65 
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VA-KG-5 Belvedere Beach, low bluff approx. 0.6 mi S of mouth of 
Potomac Creek. p. 88 


Stafford County 


VA-ST-2 “‘Aquia Creek”’. p. 85 

VA-ST-4 high cliff on western shore of Potomac River between 
mouths of Aquia and Potomac Creeks; Aquia Fm. (86WA99) (=? 
USGS 2347). pp. 55, 85, 88 

VA-ST-5 Stafford Courthouse (USGS 12934). pp. 55, 85 

VA-ST-6 bluffs at mouth of Aquia Creek (USGS 2030, 13809, 13810). 
pp. 55, 85, 88 


MEXICO 
Nuevo Leon 


MX-NL-3 1200 feet N and 1300 feet E of Rancho la Rosita, in 
arroyo, Zacate district. (USGS 13512.) pp. 47, 72 


MX-NL-4 275 m from Rancho Paredila toward Ranch San Agustin. 
(USGS 13763) p. 86 


Tamaulipas 


MX-TA-1 15.9 km S of Cividad Camargo. (USGS 13504). pp. 47, 72 
MX-TA-2 1 km N of Villa Neuva or Neuvo Camargo, Camargo 
Seder, La Mision. (USGS 13506). pp. 47, 72 


RECENT LOCALITIES 


R-1 NW of Samar Island, Philippines. 17 fms. (MCZM). p. 101 
R-2 Manila Bay, Philippines. 20 fms. (MCZM). p. 101 

R-3 Philippines. (MCZM 111526). p. 101 

R-4 Philippines. (MCZM 224596). p. 101 

R-5 Near Cavite, Manila Bay, Philippines. (MCZM). p. 101 

R-6 Darwin, Northen Australia. (MCZM). p. 101 

R-7 Manila Bay, Philippines. MCZM 43097, 141712). p. 101 

R-8 East Point, near Darwin, Northern Australia. (MCZM). p. 101 
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EXPLANATION OF PLATE 1 


Figure 
1-3. ee mortoni ssp. (“premortonit’” Govoni, 1983). ee ee er reer ers Meet rine naan ac coo 
. Scanning electron micrograph of apex. Unnumbered USNM specimen. =. Brighiseat Fm., Locality MD-PG-12. «85 
4 Scanning electron micrograph of apex showing protoconch and initiation of spiral sculpture. Same specimen as Figure 1. x 200 
3. Holotype unnumbered USNM specimen. Brightseat Fm., Locality MD-PG-12. Height = 39.9 mm. 
4-6. Palmerella mortoni mortoni (Conrad). . peter DA vic Me WOW Genes Ne acces saat slats apesste: ayeata ce shove a Gals areata Caeser ee er ET Ie 
4. Holotype ? ANSP 15508. Aquia Fm., Locality MD-PG-5 ? Height = 59.9 mm. 
5. Scanning electron micrograph of apex. MCZIP 29320b. Aquia Fm., Locality VA-KG-5. x 26. 


6. Scanning electron micrograph of apex showing protoconch and initiation of spiral sculpture. Same specimen as Figure 5. x 140. 
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EXPLANATION OF PLATE 2 


Figure Page 
EO RPL AIMerellagmoriontNediayial (BOWIES) Premera Tenet aaa nee eee ee eee 61 
1. Latex cast of ANSP 11884. Clayton Fm. ?, Locality GA-CL-7. Height = 71.5 mm. 
9. Holotype USNM 495146. Clayton Fm., Locality AL-WI-9. Height = 41.0 mm. 
61 


DOME CIINEKElARMIOFLOMUPOSUIMONLONUAALTAS) Wear rae ere metre tie eke eee eee ice eee eee eee 
2,3. Unnumbered GSA specimens. Nanafalia Fm., Locality AL-DA-1. Heights, Figure 2 = 91.2 mm., Figure 3 = 31.9 mm. (From 
Toulmin, 1977, pl. 29, figs. 12,13). Note double carinae. 
4. MCZIP 29308. Tuscahoma Fm., Bells Landing Marl Mbr., Locality AL-MO-3. Height = 74.2 mm. 
5. MCZIP 29329a. Tuscahoma Fm., Bells Landing Marl Mbr., Locality AL-MO-3. Height = 51.2 mm. Note double carina. 
G=SeeEalmerellagmorionimmortoni(Gontad) yaa eee eae ee ee et en eee ee een ene ee eae 
6. MCZIP 29099. Aquia Fm., Locality VA-KG-6. Height = 104.4 mm. 
7. MCZIP 29307. Aquia Fm., Locality VA-KG-6. Height = 110.0 mm. 
8. USNM 497988. Black Mingo Group, Locality SC-SU-2. Height = 57.0 mm. 
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EXPLANATION OF PLATE 3 


Page 
.Ralmerellailisbonensis (BOWLES) scale erin ad cievs soo fine seats oO Ue tee wale Oe Cte e's w Bsiele euetele Soles mint sieie/ else ee ee 53 
1. Holotype USNM 498009. Lisbon Fm., Locality AL-MO-4d. Height = 39.5 mm. (From Stenzel and Turner, 1942) 
2. MCZIP 29311. Lisbon Fm., Locality AL-CL-14. Height = 29.8 mm. 
0 Palmerellaifeming (Stenzel)iv..ca.cs O42 wiie.a drama dante aod oa Ravan g Fas Blak Sal Hee OGRE Learns Ole Some eee ale eee eee 51 


3. Scanning electron micrograph of apex showing protoconch and initiation of spiral sculpture. MCZIP 29322a. Weches Fm., 
Locality TX-RO-S. x 110. 

4. Scanning electron micrograph of apex. Same specimen as Figure 3. x 32. 

5. MCZIP 29309. Weches Fm., Locality TX-RO-5. Height = 25.9 mm. 

6. MCZIP 29320. Bashi Fm., Locality AL-CO-1. Height = 24.6. 


8. Holotype TBEG 20960. Weches Fm., Locality TX-NA-8. Height = 19.5 mm. 

9. Scanning electron micrograph of apex, showing protoconch and initiation of spiral sculpture. Same specimen as Figure 7. x 210 
Palmerellatdutexata: (Harris)... 50sec. re cabin 4a a BeasdSansia © Senseo. 00 panda se dye bn, vstshatd sd teutpas Sebvoteta a enarara ouashrs Sr) suateuavatsvageyarvsyehone ke eeceetetele 50 
10. Hypotype PRI 2912. Cook Mountain Fm. ?, Locality TX-RO-14. Height = 26 mm. 

11. Scanning electron micrograph of apex. MCZIP 29324. Lisbon Fm., Locality AL-CL-14. x35. 
12. Scanning electron micrograph of apex showing protoconch and initiation of spiral sculpture. Same specimen as Figure 11. 
x 180 
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PALAEONTOGRAPHICA AMERICANA, NUMBER 59 PLATE 4 
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EXPLANATION OF PLATE 4 


Figure Page 
LD RCL IMCrellarcr col ai(balinen,) wr repe reer tec e eee 2tat forse Toislend Sai eoapie EE: Ee ere Ne ead en her nels 49 
1. Holotype PRI 4579. Moodys Branch Fm., Locality LA-GR-1. Height = 32.5 mm. 
2. MCZIP 29315. Moodys Branch Fm., Locality LA-GR-1. Height = 24.5 mm. 
3. Scanning electron micrograph showing protoconch and initiation of spiral sculpture. MCZIP 29325a. Moodys Branch Fm., Locality 
LA-GR-1. x 220. 
4. Scanning electron micrograph. Same specimen as Figure 3. x 110. 
5. Scanning electron micrograph of apex. MCZIP 29326a. Moodys Branch Fm., Locality LA-GR-1. x21. 
OMA AIMErellavapita) (AeiGTegzOrlO) seieree tee hy tae A ee PT Te ese TENCE SUNS Sie I ST ES CALLS iano es douse a 46 
6. MCZIP 29290. Gosport Sand, Locality AL-CL-4. Height = 25.2 mm. 
7. MCZIP 29347. Gosport Sand, Locality AL-CL-4. Height = 20.8 mm. 
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EXPLANATION OF PLATE 5 


Figure Page 
1E2) Palmerellarclavelandiay (Earns), eect eae oneness Ree a eee cei eee Gali eee ee 48 
1. Holotype USNM 498010. White Bluff Fm., Locality AR-JF-1. Height = 24.1 mm. 
2. Scanning electron micrograph of broken apex showing early teleoconch sculpture. MCZIP 29327b. Moodys Branch Fm., Locality 
LA-GR-1. x 140 
3-6.) Lalmereliavarenicolan( Conrad) zncacmeente aaa cece eee ee chads e en ate eestor ee 46 
3. MCZIP 29314. Moodys Branch Fm., Locality MS-CL-3. Height = 32.3 mm. 
4. Scanning electron micrograph of apex. MCZIP 29328. Moodys Branch Fm., Locality MS-CL-15. «30 
5. Scanning electron micrograph of broken apex showing initiation of spiral sculpture. Same specimen as Figure 4. x 180 
6. MCZIP 29316. Yazoo Fm., Danville Landing Mbr., Locality LA-CA-1. Height = 34.2 mm. 
1=-9.Palmereliacalveatal(Contad)\ 5. ease ee eee ees ee ee eee 45 
7. Lectotype ANSP 13213. Moodys Branch Fm., Locality MS-HN-4. Height = 48.1 mm. 
8. Scanning electron micrograph of apex. MCZIP 29325b. Moodys Branch Fm., Locality LA-GR-1. x 32. 
9. Scanning electron micrograph of apex showing protoconch and initiation of spiral sculpture. Same specimen as Figure 8. x 250. 
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EXPLANATION OF PLATE 6 
Figure Page 
Nes Weal iaar alle (ERO EH WEAN) «4 Go ccoon de po ddr doroctne uaa nes oneauost sachs poe cconsuapobEodeddopdnecdo summon soneheeoe 65 


1. Scanning electron micrograph of apex and early teleoconch whorls. USNM 138264. Cook Mountain Fm., Locality LA-BI-1. = 16 
2. Scanning electron micrograph of apex showing protoconch and initiation of spiral sculpture. Same specimen as Figure 1. 230. 
3. USNM 138264. Cook Mountain Fm., Locality LA-BI-1. Height = 17.3 mm. 
AS Jali Warglel GoD ISEInne)), Sha phonp bund oodhbo Daca cHeadde obo oObomde Ch amnae un Cp noone antnonaa toe saeco a oneM mH odG ROSE One 

4. MCZIP 29317. Stone City Beds, Locality TX-BU-1. Height = 28.1 mm. 

5. Scanning electron micrograph of apex. USNM specimen. USGS 1/742. Cook Mountain Formation ?, Locality TX-SA-2b. x32 
6. Scanning electron micrograph of apex, showing protoconch and initiation of spiral sculpture. USNM specimen. USGS 13231 

Cook Mountain Fm.?, Locality TX-AT-2. * 190. 


50 
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EXPLANATION OF PLATE 7 


Figure Page 
1-3. Haustator alabamiensis (Whitfield)... ... . ESNOURE have cate en ato-y eun Pune te BN Sy AT eran eh bactes. cee te re leone ote ie ROCCO ee 67 
1. Syntype FMNH-UC 24522. Porters Creek Fm., Matthews Landing Marl Mbr., Locality AL-WI-3. Height = 35.0 mm. 
2. Scanning electron micrograph of apex and early teleoconch whorls. MCZIP 29343. Porters Creek Fm., Matthews Landing Marl 
Mbr., Locality AL-WI-3. x 15. 
3. Scanning electron micrograph of damaged apex showing initiation of spiral sculpture. MCZIP 29344. Porters Creek Fm., Matthews 
Landing Member, Locality AL-WI-3. = 120. 
Aid. FL AUSEGLONe gil DSTI BOWIES) 0.5.8: sicayecisiteetancl teers Sees eo: adores dl teeta ie hos epee ected cicte eee ee 72, 
4. Holotype USNM 494993. Bashi Fm., Locality AL-CL-2. Height = 35.5 mm. 
5. MCZIP 29345b. Bashi Fm., Locality AL-CO-1. x 150. 


6. USNM specimen. USGS 6495. Clayton Fm., Locality TN-HA-7b. Height = 23.2 mm. 

7. USNM specimen. USGS 6495. Clayton Fm., Locality TN-HA-7b. Height = 22.8 mm. 

8. Scanning electron micrograph of apex and early teleoconch whorls showing initiation of spiral sculpture. USNM specimen. USGS 
6495. Clayton Fm., Locality TN-HA-7b. x58. 
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PLATE 8 
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Figure 


NO MEL LUSLALOlED CLAILAU CONTA) te ewe te teeta AL iis Oe ae aN ean ei RAE eee SATS OT TS a re ear 
iN 
. MCZIP 29313. Moodys Branch Fm., Locality MS-HN-6. Height = 25.2 mm. 
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EXPLANATION OF PLATE 8 


MCZIP 29312. Moodys Branch Fm., Locality MS-CL-15. Height = 42.0 mm. 


Turritella lowei Cooke. Holotype USNM 353945. Moodys Branch Fm., Locality MS-HN-4b. Height = 23.0 mm. 
Turritella perdita Conrad. Paralectotype ANSP 13232. Moodys Branch Fm., Locality MS-HN-1. Height = 37.7 mm. 
Turritella perdita Conrad. Paralectotype ANSP 13232. Moodys Branch Fm., Locality MS-HN-1. Height = 35.0 mm. 


. Scanning electron micrograph of damaged apex, showing initiation of spiral sculpture. MCZIP 29340, Locality MS-CL-15. = 150. 
. Scanning electron micrograph of apex. USNM specimen. USGS 1466. Moodys Branch Fm., Locality MS-HN-4. 

. Scanning electron micrograph of apex. MCZIP 29342d. Moodys Branch Fm., Locality MS-CL-15. x 28. 

. Scanning electron micrograph of apex showing initiation of spiral sculpture. MCZIP 29341a. Moodys Branch Fm., Locality MS- 


HN-6. «110. 


10. Haustator infans (Stenzel and Turner). Syntype TMM/TBEG 20957. Stone City Beds, Locality TX-BU-1. Height = 9.0mm. ... 73 
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EXPLANATION OF PLATE 9 
Figure Page 
La austatoricarinadt cl (UICC A) sctcaua. «.ctosisac a eReeae aati. 5: sucbeveiataca:slisusibeare) os operon trae ee ese bin irenstaeuaid Suthieelere ee eee 68 


Fe NO CORON Ci 


Turritella carinata I.Lea. Sntpe ANSP 5662. Gosport Sand, Locality AL-MO-1la. Height = 28.1 mm. 

Turritella carinata 1.Lea. Lectotype ANSP 5661. Gosport Sand, Locality AL-MO-la. Height = 27.9 mm. 

Turritella carinata \.Lea. Hypotype PRI 2893. Gosport Sand, Locality AL-MO-1la. Height = 48.0 mm. 

MCZIP 29293. Gosport Sand, Locality AL-WA-6. Height = 48.5 mm. 

MCZIP 29292. Gosport Sand, Locality AL-CL-4. Height = 36.9 mm. 

MCZIP 29294. Gosport Sand, Locality AL-MO-1la. Height = 43.9 mm. 

Turritella carinata I.Lea. Hypotype USNM 497995. Gosport Sand, Locality AL-MO-1la. Height = 39.5 mm. 
Scanning electron micrograph of apex. MCZIP 29339a. Gosport Sand, Locality AL-MO-la. x 24. 

Scanning electron micrograph of damaged apex showing initiation of spiral sculpture. Same specimen as Figure 8. x 160 
Turritella carinata palmerae Bowles. Holotype USNM 497997. Lisbon Fm., Locality AL-MO-4. Height = 29.0 mm. 
MCZIP 29295. Gosport Sand, Locality AL-CL-4. Height = 35.6 mm. 
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PLATE 10 
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EXPLANATION OF PLATE 10 


Figure Page 
IFAS See QUSTAL OMT ICA ALTIVCT) Smee Oa ETAT Ste CRT eee RAY toes A TS FSP ET eISSN aP TPE ince ee se 76 
1. MCZIP 29335. Upper Lisbon Fm., Locality AL-MO-1b. Height = 50.2 mm. 
4. Scanning electron micrograph of apex and early teleoconch whorls. MCZIP 29336. Lisbon Fm., Locality AL-CL-14. x 14 
5. Scanning electron micrograph of broken apex showing initiation of spiral sculpture. Same specimen as Figure 4. x 150 


2. Haustator subrina (Palmer). MCZIP 29304. Upper Lisbon Fm., Locality AL-MO-1b. Height = 58.7 mm. ................... 78 
3. Haustator rivurbana (Cooke). Unnumbered MGS specimen. Moodys Branch Fm., Locality MS-HN-3. Height = 30.3 mm..... 78 
Gos ames rilellasexoletan (AnmMacus) serecte ce eect it. nk nptie acto cs cea. ite sere MT TOR oe aniE eae nis oie cieee ena eee 26 
6. Unnumbered specimen in the collection of the Rijksmuseum van Natuurlijke Historie, Leiden. Recent. Guyana Shelf. Height = 
46.7 mm. 


7. Scanning electron micrograph of apex. MCZIP 29337. Recent. Gulf of Mexico. x 20. 
8. Scanning electron micrograph of apex showing initiation of spiral sculpture. MCZIP 29338. Recent. Gulf of Mexico. x60. 


OMB QUSTQLOlACONLEZIA UES OWES) Setanta tare NESS c pee S eT a eee ea eg ec ee RTT Se ree eee eee Eerie tect 70 
Holotype USNM 495172. Cook Mountain Fm., Locality MX-TA-1. Height = 30.0 mm (from Stenzel and Turner, 1942). 
lOSHaustatorsfischeru(ibalmen) etary ere var at ete rae ee eT Naser keer re eee LTTE aie deat evi a ee Pe 72 


FLMNH 5411. Inglis Fm., Levy County, Florida. Height = 19.6 mm. 
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EXPLANATION OF PLATE | 1 


Page 
“Turritella” plummeri Stenzel and Turner. Holotype FMNH-UC 57373. Kincaid Fm., Locality TX-KA-7. Height = 36.5 mm.. 37 
“Turritella”’ ola Plummer. Holotype FMNH-UC 31281. Kincaid Fm., Locality TX-KA-7. Height = 36.0 mm................. 37 
“Turritella” kincaidensis Plummer. Lectotype FMNH-UC 31280. Kincaid Fm., Locality TX-KA-5. Height = 25.0 mm.............. 37 
. Palmerella levicunea (Harris). MCZIP 29277. Porters Creek Fm., Matthews Landing Marl Mbr., Locality AL-WI-3. Height = 37.6 
ATA TIS ns eireanierceeaSraia rayne 6. area eo® a Seestecs Gs di cce ary wlgua ite avd eves Gaaltedue fh avSi aout foseona send sali db aide a ogpeelasadinsugrar areseys eubuahsvauspant ekedsireyo aerers ens Seer nee 53 
. Palmerella sp. MCZIP 29280a. Nanjemoy Fm., Woodstock Mbr., Locality VA-HA-3. Height = 20.7 mm. ................... 66 
. “Turritella” polysticha Stenzel and Turner. FMNH-UC 57371. Wills Point Fm., Solomon Branch Mbr., Locality TX-BA-34. Height 
oflargest:specimen’=1'222 anti. 2 asyocs tac ace 06. < soe, taag ei cieae, Siac esl 218 =, cicsel Reaper els he etousen: abacus setcvshei fc enst nny a\Guanelaid evs sainvevoteua tale hnporey ater renee EH) 
. “Turritella” saffordi Gabb. MCZIP 29289. Clayton Fm., Locality MS-TI-8. Height = 32 mm. Latex cast. .................--- 37 
. Palmerella hilli (Gardner). Holotype USNM 373054. Kincaid Fm., Locality TX-BA-2b. Height = 35.9mm................... 52 
Palimerellaisienzeliinewsspeclesi tees aavcusterosaat ace 5 ese se) ous Ae ops NE SWAN ted ae ee ret Lele areata phere para el esearch eV ocans ee nae eee 66 


9. Holotype MCZIP 29270. Kincaid Fm., Tehuacana Limestone Mbr., Locality TX-KA-5. Height = 33.4 mm. 
10. Paratype MCZIP 29273. Kincaid Fm., Tehuacana Limestone Mbr., Locality TX-KA-5. Height = 44 mm. 
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Figure Page 
[=A UPrite!] ma GriChivBOwlesaen mettre ah scie ce spa SCI 3 oie Se rt ts aren aSpapa oo ey Sede Gand Sages na) Ses arenes 81 
1. Scanning electron micrograph of apex, showing protoconch and initiation of spiral sculpture. MCZIP 29333a. Porters Creek 
Fm., Matthews Landing Marl Mbr., Locality AL-WI-3. x 140. 
2. Scanning electron micrograph of apex and early teleoconch whorls. MCZIP 29334a. Porters Creek Fm., Matthews Landing 
Marl Mbr., Locality AL-WI-3. x 14. 
3. MCZIP 29305. Porters Creek Fm., Matthews Landing Marl Mbr., Locality AL-WI-3. Height = 38.8 mm. 
4. Turritella aldrichi Bowles. Paratype USNM 495149. Porters Creek Fm., Matthews Landing Marl Mbr., Locality AL-WI-3. 
Height = 41.0 mm. 
SO — Vl ALF TLEL | CimeP PITAL ELIE CONV NU TIVE Ce degree se tue tees sites cue echo sancres tha: picks aye ceeette es eae ene ayes ele ej atetss a tieqatnns ic Ssottyovaya vate dtevonasars aienecsvecs Simeaxses cece 85 
5. Syntype FMNH-UC 24521. Nanafalia Fm., Locality AL-MA-1? Height = 43.5 mm. 
9. MCZIP 29334a. Tuscahoma Fm., Bells Landing Marl Mbr., Locality AL-MO-3. Height=47.3 mm. 
10. MCZIP 29334b. Tuscahoma Fm., Bells Landing Marl Mbr., Locality AL-MO-3. Height=45.8 mm. 
11. Unnumbered GSA specimen. Nanafalia Fm., Locality AL-MA-1. Height = 105.9 mm. 
GNP me IAT TILEL| Quant OLLLIVILTLLSTIC WHS DECIES Warsi ereycvcreloncsesties ote cerenete eee Pos ss or Seow fe c= a Goh ts Nes Ee esse oe cavavn faye Seat Naee Spe SNC Ie vel scene crereertcte wens. cpsie's 2 90 
6. Plastoparatype MCZIP 29276. Clayton Fm., Locality AL-BA-1. Height = 56.6 mm. 
7. Paratype MCZIP 29283. Clayton Fm., Locality AL-BA-1. Height = 32.9 mm. 


8. “Turritella” claytonensis Bowles. Holotype USNM 131637. Clayton Fm., Locality AL-WI-9. Height = 68 mm. (from Stenzel 
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I= 4. 7 Tupritella’“humenosa\ Conrad te nstangs t seteicid 2 ticlesia ine one a eras aane isdaastettata aie wees eae e eee ee eee ee 
1. Paratype ANSP 31388. Aquia Fm., Locality MD-PG-6. Height = 90.2 mm. 
2. Lectotype ANSP 31388. Aquia Fm., Locality MD-PG-6. Height = 89.6 mm. 
3. Scanning electron micrograph of broken apex showing early teleoconch sculpture. MCZIP 29332. Aquia Fm., Locality VA-ST-4. 
x 240. 
4. Scanning electron micrograph of broken apex. Same specimen as Figure 3. x 80. 
5. “Turritella” sp. (“prehumerosa” Govoni, 1983). Paratype, unnumbered USNM specimen. Brightseat Fm., Locality MD-PG-12. 
Height = 2. OF Gui aeeee seer eee eee ese eae oe si GiGi b bIRUG ER Oke a: IMO lelehejce) Stariay a, eshedy evn fe vals ap sires tats ch cuatra reuautadepos cvaseveecentst eitceke ties renee eee 
G—8i8  Lurnitellaeurynome Wihithel dine seas). ayes eee eters insieie ernie at ates tertavere sae cies ree e elie ee omer ke ee 
6. Syntype FMNH-UC 24505. Tuscahoma Fm., Bells Landing Marl Mir. 2 Recanty AL-MO-3 ? Height = 27.5 mm. 
7. Unnumbered GSA specimen. Tuscahoma Fm., Bells Landing Marl Mbr., Locality AL-MO-3. Height = 86.4 mm. 
8. Turritella bellifera Aldrich. Holotype USNM 644614. Tuscahoma Fm., Bells Landing Marl Mbr., Locality AL-MO-3. Height = 
85.0 mm. 
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1. “Turritella” praecincta praecincta. USNM 559308. Tuscahoma Fm., Greggs Landing Marl Mbr. Locality AL-MO-S. Height = 


76.0 mm. 
2. “Turritella” praecincta praecincta. MCZIP 29349. Tuscahoma Fm., Bells Landing Marl Mbr., Locality AL-MO-3. Height = 67.7 


mm. 
3. “Turritella”’ praecincta praecincta. MCZIP 29280. Tuscahoma Fm., Bells Landing Marl Mbr., Locality AL-MO-3. Height = 98.3 
mm. Note double carina. 
4. “Turritella” praecincta virginiensis n. ssp. Holotype MCZIP 29093. Aquia Fm., Locality VA-KG-5. Height = 48.3 mm. 
6. “Turritella” praecincta virginiensis. MCZIP 29330. Black Mingo Group, Williamsburg Fm., Locality SC-BE-3. Height = 48 mm. 
Latex cast made from specimen in collection of USGS. 
5. “Turritella’” biboraensis Gardner. Holotype USNM 370989. Kincaid Fm., Locality TX-MV-1. Height = 42.4 mm. (from Stenzel 
errtal Iona ICY). pb cindagdod Mann ODOOeP Oe POO OU Cod GOD DO COeen Oe aid re eS aneo coon n inn mat fic cd Garne cno Sata n.diee boo Orr or 82 
7. “Turritella’” nasuta Gabb. MCZIP 29318. Lisbon Fm., Locality AL-MO-1b. Height = 41.3 mm. .............--.--.---05--: 37 
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COOKS LLG AS) eee cers ete ciereyenereas ve ceereacnene tober bcpers caster Meree eucdty tae 44 
cooperi Carpenter (1864), Turritella ......66.ccsccecssvevcs 36 
Gopese Rule? ai sesoshe cere sparse Sars seeds eteats oa teats t rs ee tae ee 33 
cornellana Hodson (1926), Turritella .. 0.00.00 c cece eee 35: 
cortezi Bowles (1939), Haustator ....... 16,37,38,39,40,41,70-72 
ossmianni('S 93) Voces crate anersisse nae ascsiarese sherarsuayete scrote 54,67,68,83 
Gossmanni(1912) eos. «<ceriersi<c seuss 10,12,33,45,49,67,68,83,84 
(COStACOIDUS peer rae een een ORR Cer er 10 
costaricensis'Olsson (1922). Turritella: . 022s cisee xecitee estore 35: 
Conwmon (lO 32) tks oo caa anche ye thid Bin a eae ee ae eee fd 
Cottonvand Woodsi(11935)i #202 eas naires oe caer esas 11 
Gox: (1960) Wem eastern s wishing Sheena Secs tia Oe ae ae 30 
GRATER Beret hegre o 5 eres ON PO EE se OER RTETS 10 
creola Palmer in Harris and Palmer (1947), Palmerella .......... 
SAS ae eee eee 16,18,25,31,37,38,39,40,41,49-50,50,52,4 
CKEOIGSTOUD) an anaie cave sseuanes 2s gainers ese 36,37,40,43,43-44,48 
CHISEISDUT GMS aiid sisioxs wheres eels out che nea paiieeen Shee oases alae 10 
CFOCUSIECOOKENCLOIIO)  Wiiirilell aia. aise asi ieiaseereeetee eerie Sie) 
Ccruziana: ©lssoni(l932); urritellai is. 2 «cw serie. esate ass 35) 
CrystaluRover-Eormationt acces ase aeeee sie tact ieee eee 74 
GLENOCOIlDUS RRs eRe ere eG cae not ene ee ets ener: 10,12,29 
GCUDILOSIRCQ Mace a Re ee tote A eee ees 
smithvillensis Harris, in Van Winkle and Harris (1919) ..... 48 
lisbonensis Harris, in Van Winkle and Harris (1919) ....... 48 
Cummins, Powell, Stanton, and Staff (1986) ................ 18) 
curamichatensis Hodson (1926), Turritella .................. S: 
Guviers(U 797) reas hcbiva pitas arctan aineniat aie aiewotmicte 45 
Dalli(S Oi) nite exc wisenis tos Movactud se etein ener meee 46,48 
DD ALIS 9D) esr ears vers atcte ns © een icine Gaye eter acistaragstes ts aynystane 18,37,74 
Dall (S96) ycisveszcrataytevoossges reser ett ee rite Heo aecreeeets 18 
all (UODS) esd croces Fe cece de ecko ror tee hee eseaee GEST ape eG eae ere ny 
Wana (1US63) cis ce cre nes ototew ere eeis easier masa ue means este rextagoes 68 
ANANSI S) ins Senses aes utters since ease viessiseyert. Spo aieters SPoRYEe eT acon 68 
Danville Landing Member (Yazoo Formation) ........... 47,49 
danvillensis (see arenicola) 
Davies,,/Eamés, and :Savage'(1975)) .<..0.5 2 ait nee sien 34,35 
declivis (Adams and Reeve, 1848), Gazameda ............... 21 
CiEscrivanbs Gia sic oinneaicistare aire oto: Penske er Pe ener 7 
Deshayesi(liSS3) ie cvcvorsrctter-escacterate rater siete eis coetare i teenie eats ates 68 
dobyensis Dockery (1980), Turritella ............27,37,38,39,46 
DobysiBluff Tongue Wiss soci s cisrsroees e cieeiaise e cielearsiels a 38,41 
MOCK |TV PD Nhe gre rara Sees ov ee aver oes co ovay dicta, test atnin eke fen sonyausievenercl se eisiers 7,78 
DOCK EyACUG Ti) Wale cise seers steers eet ate Rone ee 44,45.47,49,74,75,78 
Dockervi(1980) hee see crease 27,37,40,44,46,47,68,69,73,76 
Dockery (1984) ......... See aire ee Rte Peer seat 35 
Dockery (988) eset eecctexsncte or eiarereinaa see enanceeearace sane 38 
DockeryrandsNystromi (1992) i oo oicces. so crave vata chatan ea ovene tonever =v 46n 
IDYeVUL GOES CULPA) on dis Pach Ave eecereicco cio caine eee acre 12,28,30,42 
domingensis Brown and Pilsbry (1917), Turritella ........... 35 
DOTA AKG OO) etre csesctonenetsescnieredevacey syeeuduntece cteveratearsenn eve 10,12 
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DoOuville: (904) ipsa cave ae cares teste sedis mote aie asl ae onsets 76 
MOuvalles(U929)) sh vencystaces ce acters cea einers sess sea 10,30,32,33,37,42 
dumbleiHarns:(1895), Palmerella’ cas cine acct enamine ret 
Sle EE ee ora oe 16,18,25,31,37,38,39,40,41,48,49,50,6 
duplinensis Gardner and Aldrich (1919), Turritella .......... 18 
DD Uirdem kG ey ies crsisteratcsliaephahe eas uatucatenemee eetetatets ay atte Artest i 
dutexata Harms (1895); Palmerellas cc cas «ste ciele oe erties Ate 
re Sak grata a . 16,18,25,31,37,38,39,40,41,47,50-51,51,52,54,3 
Eamess(19S2)) tp vor aatte dot aace moe std emanate neon ail See eue 10 
ames (lO Si!) itz crecscer tale tate uses ei aacy ae crea ch nebe ea eal ahenerere te here ene 10 
Eargle(l 68) ir nccn.c.cales use tein cucucley nea rsrsiande dea 48 
Eldredge Qliog7)) pace. catanacrne mtacnade a eeaacucr seek ta haere 33 
Eldredge and Cracraft (1980) .. Stee ERT cere 14 
Eldredge and Gould (1972) . nh To OO a Pires ne Sais iot he 13 
elemensis Hodson (1926), Turritella 0.00.00. 6c c cece ee 35 
BIH SOrA(U9 29) Ree ccoe stele hycodevncn asta nate sess ee mee Roa 48 
Eng yiRY Ce iocinaicn ae mses Macs ery ale aoe oe le fete eeisus orale a wissen rea ae 7 
Erickson (1982) ies. auc nciccins poss eet taas come emoe siges cies 51 
EEwint (i988) )jndie Acatttios!s n orrio Maua a ois avevivara es deeathirions aresnatn arent 14 
eterina de Gregorio (1890), Turritella 2.0... 00.0.0. eeu 68,69 
etiwanensis Tuomey and Holmes (1857), Turritella .......... 18 
eurynome Whitfield (1865), “Turritella” ..... 0.00. ee 
Rt Re ae ERR Mere 16,37,38,39,41,81,83-84,83,85,86,13 
EX VLOMUS!: cere nena aaltesg tse eRe ey See ARPS oe UE 10 
exoleta Linnaeus (1758), Torcula .....................26,33,10 
falconensis Hodson (1926), Turritella ...........-.. 000000. 35 
all La wWiSt WE Cig Mae oe tn cat sere ik Ree oi ey tue ea tae Nay Seca PUP OE Seaaeee 7-8 
Fallaw and Price (1992) ....... eR 5 LS ren PETES . 46n 
aUStin Or (O28) o cvhtes, nescereus sissies Sees eee cease ae =i 
felli (see nasuta) 
femina Stenzel in Renick and Stenzel (1931), Palmerella ........ 
Reemoerere 16,18,25,31,37,38,39,40,41,47,50,51-52,54,66,3 
Ff. oligoploka Stenzel in Renick and Stenzel (1931) . eS i 
PICGLO SOM OOS 2) eUitnrILell Gy mee sivcresstessncte erent teeversrere 9 ate 3D 
Field Museum of Natural History (FMNH) . 7,44,67,68,83,85 
filicarmenensis Hodson (1926), Turritella ...........0.02-05% 35 
Eimlay (192.6): Srsvcte setce sare cals. crsscc ora, » ansiiecnsets ee deconsnateene Suntca 10,12,19 
Bama (G27) Oe cerns ew cica.cecees ca eens cic mentees rele meee so 2 
nlaye(l93 0) eset emcee seer cracteiec cee tee 12,211,22°24' 
Finlay*and Marwicki(l937)e fir ec.cc wrens iviete steels eters 10,11,12 
fischeri Palmer in Richards and Palmer (1953), Haustator ....... 
sasch EN-US aa e ica manchester eae 16,37,40,41,72,72,74,78 
Ele mings (S22) ) ees aacae ater cveco niccaoolelatctecastate egerseteiata avenoncaters take 45 
Fleming} (195°7))ais ac cecicie Sens ote pba ws werent wine erect aia nore oh Oe RS 19 
Blemingi(1962) 23 cuss cane a Be Soe rieg iro Aver Bera es 19 
BlEMIN SUC UI GH) cna dreracerced cvossis acta in af aon ne aetnere meee eee 19 
Fleming (1979): 52 ote nade aon nose toes Case Reema eee 19 
Florida Geological Survey (FGS) : Baa cete sissies wc GAAS“ 
Florida Museum of Natural History (FLMNH) .......... 7,45,72 
RorestyeillsiSandy <i, ccie cetacean eerie 74 
forresti Brown (L913); Purritella cirnaaas ajar siete ere eva aate aint 35) 
Fortey and Jefiries:(1982)) oc. cc cece c soe vende cee Ceara) 
erettenang GranamiCl.962))aaceateem ta arieiteseraiae ee wearin ate 17 
Fretter and Manly (1979) , : : Be) Se fs) 
fuerta Kellum (1826), Turritella ...... 0... ccc cece e ence eenes 18 
furoni Adegoke (1977), Haustator ..........0. 0000 eee eee 34 
fvfer Marwicki(11931);, ZEaQcOlpus sacccc clans sucscchieatsem cae at ps 
GabbiGl860)\%..242 a sccie eae omee Gane saan 18,37,53,61,79,80 
galvesia Olsson (1931), Turritella .... 0... ccc ccc cee eee eee 35 
Gardner G92 8) waren | eters craters Staastsustereter tea ie ame serena cena 18 
Gardner (LOS) aii cate rsrereie ets eee) cre ciseeteyereievsicrsuereteuerspsieeeeicene 34 


Gardner(Gl935)l cick career near 34,37,44,52,53,67,82,84 
GardnenGli94s)) nnd cnt cciteeen cata nartcree ee ee eee 37 
Gardner(1947) xc ac oe ocean Ain ot Ae ee eI eae 10 
Gardneriand! Aldrichi(@l9s19) 0.3 44-2. 2. vent ein ee errs eters eee 18 
gardnerae LeBlanc (1942), “Turritella” ....... 37,40,41,80,84,84 
Garrardi(1972)\ 2 vata cee cake teats Oe OT nee 21,30,57 
Garvie: \Goe 1. ees oak eae eee ene anaes Ae eee 7 
gatunensis Conrad (1857), Turritella 
g:caronensis}Mansfield(1'925) <2 cme 4.2 acters sees 35 
ig. gatunensis Conrad (USS) isaac es osc cistern eee 35 
ig. taratarana Hodson (1926)! 2... seseet ese e ee eee eee 35 
gaweaveri Hodson (1926), Turritella .............000ccceaee 545) 
GaZaMed a «sacha 2 eorsaca ht inaietee Tn eke cae ee 10,12,29 
genus,definition: 22.0. 0. vats see soe eee ne eee 13 
GeologicallSurvey of Alabama. 2227.2... 5..<.e0. aoe 7,44,45 
ghigna de Gregorio (1890), Turritella ................... 68-69 
gilbertharrisi Hodson (1926), Turritella ...........000000000: 35) 
gilbert: Bowles)(1939), Haustator ...2c.2-ce. sce ene 
wig euarien acbrersatiapan ete 16,18, 26,31,37,38,39,40,41,49,52,72-73,74,7 
Gingerichs(19.79). 25,3512 siclsaoeisae. saat ee.eles Ste eel eee 39 
gittosinus (Powell and Bartrum, 1929), Tropicolpus (Amplicolpus) 
acinesayanbch'al exe! ANGE SaRLE Tene ST Ruane. Piso roa, Paha. Etendp ere CRE 72 
Givensi(l989)" 2 .cnsse.0 sau csaeoune ten 24550 ee eee 35 
Gliberta(l962)) cama oeesdc cre Seite ieee 46,49,68,76,78 
Gliberti( O73) savas cae arerneinaacuseatauiterestscee: eee 33,35 
GIyPlOZQVIG oa. vac eee ie eee Sake Ghee eee ee rene 11,12,29 
gonostoma Valenciennes (1832), Turritella .................. 18 
Gosport, Sand wes ance. deeneenee te 16,38,41,46,51,54,68,69 
Goulds 'S.Jinc.. 08. eigen cw acttn nae Ge naar a aie seo oe eee 7 
(Gohl tel Ooh") ae ee ree ween aocad hoon: 13 
Govoni (1983) .......... 18,30,37,42,44,53,55,57,64,81,88,90,91 
Govoni and Hansen (in press) . ee Tn dea A dco 
Meet Rate cakacierc on cee 30,37,42,44,53,55,57,64,81,88,90,91 
Grabautand: Shimer (1909): 222.0. sscceneee ce cee ee ene eee 61 
Grampian Hills Member (Nanafalia Formation) ......... 63,88 
gunni Reevei(1849),. Turritella, 2. cn0.c0cees +o sulee annie 18 
Rracilis H.C. Wea (usa); Purritella s..0e. 02+ ses eee 68,69 
Gray\(U847) te ieo. can ceeenan 2 an eenn haere oe eee 10,11,12 
de:Gregorioi(890)) 3. eon ecce ae nee cess ce 18,37,46,54,67,68,83 
deiGregorio) (1908) 2.2 diesen ost Goes cienie ears eee 12 
Gregg’s Landing Marl Member (Tuscahoma Formation) ........ 
ECT RE eR ee 38,63,83,84,86 
guarirensis (see machapoorensis) 
Guillaumel(924)ren.ese. coe ean 12,28,30,42,54,61,84,86 
Guillaume GHO26)0 sssct ec asctsisvsseva erectus aie cciayateeetn cree 30,54,61 
guppyi (see altilira) 
Hansen 987) sa cies tno ae ciage ies ere wien ae aretsaasnet ate eto 38 
Hansen-and Elder (98 )) <. ncaa ex. nowcvle ciste eee eee 75 
arbisOn: (94S) saccsrsvpesz.aasreteteer ats aavecaeenteraleterets eehotess retreats 18 
Harris: CUS9D)) a acs csc 65.8 a ectdiesccose Olarane ove dial fo b/bee ee eheetece eer eer 37 
Harris 892)! i wceccowcnw natal ecand taste eae Steiecs, ceesincs cpnieneaetetinenenete Sif 
Farris (LS 94 ay coics. tks seisiaisc. fae a ten stares. ormtiere ercre st rarots ete 37,54,61,84 
Harrisi(liS 94D) te ce ceetets eile eit ece teres 44,45,47,48,49,61,67,72 
Harris (1895a)? 2 ncs'eeh cre ane OR eee ee 37,5055) 
Harris (S95) fits since a naire savant Seve ceoate ens teeet 46,68 
HMarrisi(1896)) seek cess ae 18,37,52,53,54,61,67,79,81,82,84,85 
Harnisi(lS9 7b) iawn no aaa come eee eer 72,86 
Harms! (iS 99a) asa een eee eee 49,54,63,72,83,84,85,86 
Parisi (USO OD) cee see. ce aacps cre ele cess ernreeteeet seen 54,61,83,84,86 
Harris:and Palmer (1947)... 3). oc cee Bee 2522537244550 
Fataiellas ons pcunset ght onsos Cie ee ee ee eee 10,27 


Hatchetigbee:Formation® comes crt incahe criteria etn nee te 41 
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THQUSLALOT Eee nae 10,12,26,29,30,37,42,43,44,67,67n 
Gaia Ve (OKs) fo oporeqecon aboecenaddocDdgbuGonaGenes 
. 16,18,20,23,26,31,37,38,39,40,41,68-70,70-71,78,101,9 


cupalmerae Bowles (939)0 ect eis ett aees o 37,68-69 
c. var. praecarinata Harris. Cooke (1936) ............... 76 
cortezi Bowles (1939) ..............- 16,37,38,39,40,41,70-72 
fischeri Palmer in Richards and Palmer (1953) ............... 
RS Pact Potatoes Gore coe tay Pres ealays we Cee ieae 16,37,40,41,72,72,74,78 
WHO BINaS 0) CY moauasancoteeescospeeodencceandace 34 
gallioussMontforti(lS)O)) eevee stereo steve ever= telat tes =eat= aleyevelatsleicistors 67 
SMT ON MEO ISEI)) co oaaedcodanumacnndas sdannnboosnonoongL 
4s GnBeseubusease 16,18, 26,31,37,38,39,40,41,49,52,72-73,74,7 
LINDHICALAritssleamMancka (ls O4) mememeenetsteectertei eiaetseieele 42,67 
infans|Stenzel’and) Turner:(1940)) vo. 2 cee ee eee esieis tes 
ee tesctac na ote hee ayes coeeers 16,26,31,37,38,39,40,41,73-74,73,8 
martinensis Dall (1892) ........... 16,37,39,40,41,74,74,78,79 
MISENTENSIS NGeOKE: (Oi) Meeuereratrerrecrine teria ecto 33,34 
oyawoyenAdegokei (9 7i)\s Seem cere crcieet is icicieee cists syle 34 
jai tian oy reval( OUXOS)) gounous ansaganahsonnadneoeancsooucunc 
SA 18,20,31,33,37,38,39,40,41,46,52,74-76,75-77,101,8 
Dsyjacksonensis: Cooke!(1926)) 222 e cee cies cies ):20;97,1 9) 
paloweiCooke\ (1926) irene -recee ooo eee S755) 
rinaee aliens (lS 3(7) eters tess ck ckcr-susvche eaeeocoaes sche ates tan vaieesbatorNe 
eee eae 16,18,31,32,37,38,39,40,41,69,76-78,77,78,79,10 
Pacanrolinaspalmerd (193i) wemisetvereleleran sear rrrare 37,76-78 
farinapalmen(lO3i7)) asseeeseese ce crieetiaeee 20; 00—L8 
r. wechesensis Bowles (1939) ............00.0005: 37,76-78 


rivurbana Cooke (1926) .... 16,31,37,38,39,40,41,78,78,79,10 
r. chiapasensis Allison in Allison and Adegoke (1969) .... 78 


r. mexicana Allison in Allison and Adegoke (1969) ...... 78 
subrina Palmer (1937) ... 16,31,37,38,39,40,41,72,78-79,79,10 
SuDtilissKellumy (926) cere cise ile senate 37,38,74,79,79 
hennesscensishGavbi(liSG0) i erwrctercrseikech-rense eisrote raters Toes 

AMOR ae 16,18,26,31,37,38,39,40,41,79-80,80,7 
vaughaniuBowlesi(1939) epee: cece ies creel: 37,38,80,79 

echt Gl OU Ge none er ree Pe vaecieeeen e heer eevee 38 
Heilprini(tS84) mmc eysmictccscecher enon Geek Gaede nati eisas 46 
Lei primi (USS 7) secs cccce e ievers ete le ercacne epayseletelctev layered cievoveveusye role s.ne 18 
Let primy (LSI) esesme rss eserves o ovses ae tesrchenStave iesotons levtitasiobenatere eterets 68 
henkeri (see martinensis) 

ering (19 GG) eerrararessrtete he eecdesorete s, Shee cchere re ysueie oneqerstscevetets, orcrsqeveas 17 
Hickmani(lS 85) iercaesrrctrte la och ite ei ccerciotee iste cher: 31 
hilliiGardnen(os5) wealmerellamamcene oe eee eee eile eer leer 

PE ean s Se Oe 16,31,37,38,39,41,52-53,55,61,62-63,67,11 

Lp bbol Cols (CNA i ott RAG ae OR oH AG Ucn OROnUD 6 on Oop omooG Soot 57 
LES RURIE Bester treresercte erate atitatac ben to, Sesttenerercs, os aieeata te ysyetas 19,100 
JeloraK(oynt (WIS PAN) Sacer guacmae cane sea npoaneaRcUd re neSern nd 34 
ELOUDRICK RES ome ce reerccs sorter aeee eae et eae del estore era aysterelyerererovers 7,8 
Vou bri cky (G74 \imecsiera- sors tonc toes osc tocoec ts ied alse ss senescence 13 
JSUT) otal <( WOLD eeneeeenns eerie a rola Oe cs eta croton misererin cs rcs 9 
Ja Gon GIOVE ES 6 Se anaopanetecasaestan omens odaoonDOe 9 
le Gyplarate (WOR pea tease one ee see po ecern. cae meade 20 
EVOUDTICKI (9.85) es cereecrnerere oes sree te keretorsiercictefe) oreue re eickehelnerienete 14 
1p Forlerntel's(GISEE)) saeco ce oe cere as Ge ca nem eae cre Siar oct 14 
EVOUDTACK (119 88) em sysicrssene tac verses ce wie eucteisss.creqes susie since alt 20 
houstonia (see nasuta) 
howellimHarbisoni (1945) eiurnitellas eerven stare ecto )si<reyavereiel sey otal 18 
hubbardi Hodson (1926), Turritella ........00.ccc cee eeeeeee 35 
HuddlestunrvandiHetricks (985) ie cparcrcs = olcr-rsrcrsrercicielie ere rel 46n 
Jala s5 OR Gacadecdncccdsanedade sane oeaeoenoorsdsaones 44 
[ig tanone) Gorell OUIS0)s SMiidiaivhe.” Boao oooaneennne dose occes 
MS eo oe 16,18,21,27,31,33,36,37,38,39,40,41,42,43, 


68,81,82,84-85,86,90,13 
humerosa group. . 32,34,36,37,38,39,40,42,43,43-44,80-81,82,84 


hybrida Deshayes (1832), Turritella ................ 29,31,42,68 
hybrida group (growth lines) .................--.-..-.-28,30,42 
Nd ai(1952) very eck oe iectat ein rervree 1ON2222°24°31°32 
GLIA ae ae loka cope ce boe a oue REO SOR SEE nL can One mET CoD 10 
illescal@lssoni (1931) s Wiurritellas axes 2 eyes ceases este teins ss eit 35) 
imbricataria Lamarck (1804), Turritella ............-..++- 31,42 
imbricataria group (growth lines) ...............-....-28,30,42 
incertae!sedis (Coastal Plain'species)! 2.22.02 +: eee see ee 37 
indenta|Gourad (S411); durritella: s.r tailor 18,74 
infans Stenzel and Turner (1940), Haustator ......--......2555 

LSPS CSCI DOC ORES 16, 26,31,37,38,39,40,41,73-74,73,8 
infracarinata Grzybowski (1899), Turritella .............+.-- 35 
Inglis Member (Moodys Branch Formation) ................ 72 


Institut Royal des Sciences Naturelle de Belgique (IRSNB) ... 33 
International Commission on Zoological Nomenclature (ICZN) 


(HIG); > apeoenanneoounaesnamuoomeaordodouEadoaso cae 45n 
T@ZNI(1992 ies seis ice eee ne ct cee cease renee 67n 
Mredalex(l924) trermrettrecsmreeet nr vorerne isccrer rere bare eee LOMITA 7, 
lige lH OPS) a annnoeedsoneocdnasmincobocsaptobeasan Py 
IGA! seas neh ood apd oUdmEE AeA de aue coe ads Sueno ocd 42 
Nablonskit(li97.9) ies asin ceriee extra tasa -tee setae es preeree 18,21 
Jablonskicandul-utziGl983)ie- vase cei sai ace esa 17,211 
jacksonensis (see perdita) 

JohnsontGsO8) peracetic eee ees ee eee eer 18 
Ans UE) maaeooseube este coeehoece sors sumemacag as bamn ocr 9 
Keen (976) igacc cricitect tncetete tatters er Cert -reistecer eaiereren 35 
Kee litimt (192 6) parce crinterseettne eter ote toca orstoneter eds 18,37,79 
IRenned yi (S95) cicrac cre cercrepete tester etyscaere taeyenete rete ans 50,67 
Kerd well (986) ie aacerecicrcerctscystscsteve closes teeelaicceteneger oe et eeensteteehear iets 15 
IKLINDETIAS ee a oe Ce eee 11 
Kincaidukormationy7 ae ce seer 16,38,41,53,55,66,67,82 
kincaidensis Plummer (1933), Turritella ...........000000000055 

OST TE Oe RTOS OE Le ere 16,31,37,38,39,41,67,11 
Kolimanniand!Peell(l983) crete orn stereren- te = eter ontheal ae ehenetete ote 34 
Kotakai(l959)meeeian erties tection ore 10,12,23,27 
Kotakai(9i8) i. 2c cea eas sie eines Stearns oats 8,13 
Ont GUI0)) eounnearmadems escocecnenmincopccauoomancne 45n 
Kauroday(lO4il)\ pee ecccc eects HAR Berrie dain 57 
IRUPOSIOI( Pe Se Pe OEE ER Eee EE Cee Se 10,29 
eaBarberai(O86) each ete siren cists etree oeeeearereiereee 32 
Wamarcka(e 99) 29 O ile wan rete tater tales rereveeereratsiecctrsveroreteveretasveoer 12 
larensis Hodson.(1926): Turritella .. 22.222 ere ee ee 35) 
Teazarusiandverotheroli984)inss. cites ciieraeter reer 15,39 
eels CAME UD) aeaae Oa gene ocnancommeaen sens Soma ar 46,68 
[sea TH: Ca(lS49)uasn ee ase eater naar anions: 68,84 
Weeaslen(1iS33)irrss pttan sien jeoeGeroaneiic pcre 18,37,46,68,72,76 
LeBlanc in Barry and Le Blanc (1942) ..... 37,61,81,83,84,85,86 
Ibe ROCKS)! pogo cosepeancoasnecconms sobenadecnoaacccodc 18 
JEG QHD Sooaguoeuseqeeouwnabousoupcddoouenoecadc 10,12,29 
levicunea Harris (1896), Palmerella .. 16,31,37,38,39,41,53,67,11 
Lieberman, Allmon, and Eldredge (1993) ...........--.. 9,17,21 
Times llghormation ern eerie ters see eecn rein: 38,81 
limonensis Olsson (1922), Turritella .........+.20. eee eee ees 35 
AFinnacusi(1758) eerste eh Cee ekeces rete rire 12,18,33 
Lisbonvkormation( se..ce ere 16.38,41,51,52,54,68,69,77,79 
lisbonensis Bowles (1939), Palmerella .........2.000 00000 ee sees 

MLO Cie acre aancaterasads focus 16,31,37,38,39,40,41,47,52,53-54,3 
litripa de Gregorio (1890), Turritella ............++--++5: 68,69 
lloydsmithi Pilsbry and Brown (1917), Turritella ............ 35 
WoganspOnt HOLMAtlOM ye es erat. wveystevayeiaie) ole e ose le lataleieteieters erste 38,81 
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Louisiana State University, Museum of Geoscience ....... 45,84 
TLOVENICUSA Te Seccsnriaklotehscranrets atauaotrersaneeniae noite are 45,45n 
Lowel (i933) iene soa eee ee EG CEEOL EO er 79 
lowei (see perdita) 
machapoorensis Maury (1925), Turritella ................... 35 
Ms SUAHIFENSISHELOGSON: (1192/6) eeraerse enter yee eictaesiateveieeetc rt eisteve Sf) 
m. paraguanensis Hodson (1926) .............2.00ceeeaee 35) 
m. wiedenmayeri Hodson (1926) .............-00ec0eeeee 35 
MacNeilt(944) a cacece me eonitcttrs serine china einer 74 
MacNeil (L946) ie. siaacclaa aces autre Stetson itteieis eee he crete 74 
MacNeiliand Dockery, (1984) ier cittle tire eeteieteloterets 8,27 
Macsotay and Scherem(197/2)ici cis ees crcreaetie sisteemsien) sire 34,35 
maiquetiana Weisbord (1962), Turritella fot Ro MLE creed 35) 
MaltzaniGli88'3)te.cmmrest ister ion asi clothe meen meer 12 
MGOPICOIDUSWRceae een eee eee 10,12,18,29 
Marshallii@l990) ec ciksurterree is eanuecu teat hacre tierra ease 15 
Marthaville:Formation® cee. ccs cee neiete is 38,41,63,73,83 
martinensis Dall (1892), Haustator ...... 16,37,39,40,41,74,74,78,79 
m. henkeri Adegoke in Allison and Adegoke (1969) ........ 74 
Marwick (lose. niectickst oct enen tin eee. 10,11,12,27 
IMarwicks(li9Si7a)ircmeantts ten titties cksiouste erecane ieore ereilere create 
See hoor 8,10,11,13,17,18,22,24,26,27,29,30,32,33,36,42 
Marwicks(l9 Sib) macaniaaatarcims ete ae L2A3"17522°23-24-27 
Marwick (19.66) cer atsascte nicest vs Rete Pe rere 10 
Marwick (9 ,7/ll) ime crests etre scsciciels sheferer 10,11, 19,21,24,26,31,32,44 
Marwicks diagram sier.ctriyeveteroey.torsters,3 nian . 24-27,26,44 
masasensis;Marks' (1951); Durritellay. tis. asec. «clees's sce 2 35 
matarucana Hodson (1926), Turritella ......... 00. ccc ceca ee 21} 
Matthew’s Landing Marl Member (Porters Creek Formation) .... 
A aA cH ere eee oe One 38,41,53,58,67,81,81 
Maury 902 ea rere cttciehud teesonay herein a que Ri ayaare een 34 
IMaunvi(li929) haar aan eRe tas stoner arcane ee 34 
mauryi Hlodsoni(926); Murritellay 2. nc. sw. ute oem cies oes ak 35 
Mayr (i969) soe auere shatevers nate orscte ee oars me ates tae 14,17 
McBean Formation 32.500... 06.07. -38,46,47,54,68,77,79,80 
mcebeanensis Bowles (1939), Turritella .....0000000000005. 37,38 
McGallies(908)) iris os ace c ntote ama ee meena wares . 61,74 
McKenna (9:75) 8. aaa a aactisickecrrtelirta ne tone eee 34 
meroensis Olsson: (193i) "turritella: a2 ie ase doce eee 35 
Merriam (1941) ..... 8,9,12,13,17,21,27,28,29,30,32,34,36,38,40 
merriami Dickerson (1913), Turritella ............c0eceeeees 36 
WMA CSAIL A RS, Sten Pte fash co Re ele ans or RE 8,10,29 
mexicana (see rivurbana) 
Meyers (188i) eermceniaksn aero nd iach ee eee 46 
Michaux: (i989) rescence emer el een erie tee: 14 
Midway Group, undifferentiated | . OR nan Amen fata tein 84 
IMilne-EdwardsS:@l'84 8) emis cin even eee rein = eee ne 45 
mimetes Brown and Pilsbry (1917), Turritella ............... 35) 
mingoensis Bowles, (939); Trarritella, « ciiarn. cas sveasise ss teleisre!s 7 
mirandana (see altilira) 
Mississippi Office of Geology (MGS) ....... Ue Ae TONES 
mixtaiGardneri(1928)% Hurritellams..n2 2 2cakia. caves cnesteee 18 
monilifera H.C.Lea (1841), Turritella .... 00... cece eee 68,69 
montanitensis Hodson (1926), Turritella .............00.005- 35 
Montforts (SiO). asec sinas eee ee 10,12,26,30,37,67 
Moody’s Branch Formation ... 16,38,41,46,47,49,54,72,74,75,78 
Moore (i962) ietnk asic thetic eect nace ai oeisten a ae eee 86 
Morchi( i868) sack: sncteneaioon retin neva cree ee ee PETES 2: 
morphometric analysis ................. 55,100-102 
Morris PA ere nk renee fyaie Cah TE OE 7 
Morris and Allmon (1994) ..... EA Re uae eran 19,100,101 
Mortony(l834)) eae Pace 2 evs ect teea tee eee ee eee eee 18 


mortoni:Conrad: (1830); Palmerella, .....-0....5+.+.s40s ees eeeee 
. 18,20,23,27,31,32,36,48,53,53,54-64,66,68,85,/01 


mortont mediavia Bowles\(1939)) . 0... «2c ee encloses ree 
ed ST eeeke a ante resetekese enone centre: 37,39,40,41,48,55,57-61,61,2 
mortonivmortont Conrad (830)! ease. eee eerie eee 
Sh phae neTA RT rey tian 25,37,38,39,40,41,54-61,65,88,1-2 
mortoni postmortoni Harris (1894a) ............2...00 eee eee 
tafe ee ei hei etoratoe 16,37,38,39,40,41,55,57-64,59,61-64,88,2 
mortoni. ‘premortoni (Govoni (1983)! <i... peeve vse eee 
ae ei ctenic 16,18,30,31,37,38,39,41,48,53,55,57-64,64, 1 
MNOHLONT BTOUP cecrencicies so erste vineverr eerie 36,37,40,43,43-44,66 
PY (2) 7 eee Ae RN OC te Aoer eT R OS SISOC m0 O10 10 
multilira Whitfield)(1865), “urritella’ ...03... «sce steteieie creer 
Br eer a iiriniocno cramer 31,37,38,39,40,41,81,85-86,12 
Murray (1961) oc. cssatss.ccereruets erate ot iee Girone otters eRe 38 
Museum of Comparative Zoology, Harvard University (MCZ) ... 
Ree ee 7-8,44,45,46,53,63,66,67,69,77,81,86,88,90,91 
Naheola\ Formation: .........- 0.40. see 38,41,53,58,67,81 
INanafaliatEormation' 2s. aes.ceene cele 16,38,41,55,85,86,88 
INanjemoyFormationeeas se steerer 65.66 
nasuta.Gabb: (i860), Turritellan’. 2.0. o.20nt. eee 37,38,14 
n. brazita:‘Stenzeland Turner (1940)! 750.22. noes cee eee 37. 
nz felliiBowles}(1939)). Sack «pees acne Seer eee 37 
ne housioniavHarris (L895)! 2. es eee eee ee een 37,38 
nismithvillensis Bowlesi(1939)im....... . dace 37, 
IN GFF CUS BG) ek scr iseasesssteces fosepasy. nreitetievscensocre cite en etc aon ae ae ee 14 
Nelson and: Plainick (1981))-. 0306. cece cee eee ee meee 7, 
INCOGIASLOMG aes tate Senseo een Far oe Ee 11,29 
N@ONRQUSLQLOR: eek: otic alok Bold eek kate ere RO 10,29 
nerinexa Harris (1895), raraelia Pee 3S ees Snee 37,38 
INewelli(lO4 2h cals nec nere a ites oe Aneta ie eee eee 13 
nicholsi (see vistana) 
Nicoli@Qli9 Ol) Asan 3. Seed ose enable hc REGGE eee 35 
Nicol; Shaak,; and! Hogansoni(l!9'7'6)) iia vn ce etersttencte eure 74 
nigeriensis: Adegoke (L977): HEIQUSIGIOL, a. at eyerettele tether 33 
INIDDONOCOLDUSY mac a, oats cia dca ole he ee eee hand ee keke eee 10 
obruta Conrad: (1833) urritellae. wc sce eee 37,38 
OcalaeimestOne: «,sa/oceesc tiers eteraisis) ciel a: ofe eo euhere ovoters lbetonete eternenene 74 
ocoyana Gonradi((@856); Turritella a testern cea toeree eee 36 
ola Plummer (1933), Turritella .............. 37,38,41,48,52,11 
oligoploka (see femina) 
Olssoni(l 929)» temic yelee sete Dom loch Oke eee eee 11 
Olsson (L944) nese ces os casa wrecetednelovic eters aT O Ee eee 10 
@ppenheimi(l 9S) oo oe ec sors vs x ese eine eee eres 33,34 
oppenheimi Adegoke (1977), Torquesia ...........000eeeeeee 34 
ONECIOSPIFA eee cist cee eek Ok EO REECE eee Il 
oreodoxa (see bifastigata) 
Ostrea thirsae beds (Nanafalia Formation) .................. 63 
Owenr(l860) os.rename ence EE Renin RE een 46 
oyawoyer-Adegoke (1977) austator an 1-1) mest eet teeny 34 
pachecoensis Stanton (1896), Turritella .............00..005- 36 
Paleontological Research Institution (PRI) ................0.... 
Maar nen EE ed GaP 7-8,45,46,49,50,51,53,63,69,77,78,79,88 
Palmers Ke Vig Wn © fase. wis. crais, ols suchen stuns te thaeraperuniotane suchas, ei hetero 45 
Palmer (19317)\" asvcisan erscceeseisiolercrrshessh cio sarees Cree OO eee neon 
NAO ORE aS 12,/8,21,30,37,40,42,44,46,47,49,50,51,53,54,61, 
65,68,69,76,78 
Palmer.(intHarrisiand)Palmer, 1'947)ig eyes citer cies tenets 
SR ern ORR re Ae 18,45,46,49,50,51,70,73,74,75,76,78 
Palmer (in!Richards'and: Palmer) 1953) Geciere oateyeeeveietetsterere Y 
Palmer: (U9 Si) sats nts caer Stone eet oreo eee 35 
Palrmersi(V 967) cptictnsce + cvsuaveree Ccncuey coon ni esrouakoeoieremoneronsee thane oh areiets 35 
Palmer and Brann (1966) ..... Oe red Mevarsatens CORRE eet 
MOC TET 44,45 ,46,47,49,50, 51, 52,53,54,61,63,65,67,68,69, 


70,72,73,74,75,76,78,79,80,8 1 ,82,83,85 


PALEOCENE AND EOCENE TURRITELLID GASTROPODS: ALLMON lsh 


palmerae (see carinata) 
(Pal nerel aaa aes eh Ree ie regan hide ere 37,44,45 
GIADAIMIENSISHW hi thel di (US 65) be cco sets ate esate tee ster eeeayate ti ctanete eters 
Pree REO ee eo 16,18, 26,31,37,38,39,40,41,67-68,73,82,7 
aiveataiGonraduliso4) eee ee eee re eae ie eines 
Se 16,18,25,31,33,34,36,37,38,39,40,41,45—46,50,76,5 


MArenicola Conradil'S 6d) kamen settee cist ee ieae cie eevee se eee 
5s Sebo Pea ae arse 16,18,25,31,37,38,39,41,46-47,49,50,54,5 
Gubranneri tarris; (189i): ice ae ctcteaye. eave nee 37,47 
a. danvillensis Stenzel and Turner (1940) ....... 18,31,37,47 

chirena Stenzel and Turmer (1940) ..............-.-0e eee eee 
ind DASE a eo neae fc Reneeee 18:25,31;37;38, 39, 40,41,47-48,3 


creola Palmer in Harris and Palmer (1947) 
roar tcl Cree arene 16,18,25,31,37,38,39,40,41,49-50,50,52,4 
dumblei Harris (1895) .. 16,18,25,31,37,38,39,40,41,48,49,50,6 
CULEX ALGAE ATTIS# (USOS) lestrtis ercsestes shes ose ocke aisha ecuaiatel ie etencra ate 
seep tetehacheaapetay's 16,18, 25,31,37,38,39,40,41,47,50—51,51,52,54,3 
femina Stenzel in Renick and Stenzel (1931) ................. 
ee ree 16,18,25,31,37,38,39,40,41,47,50,51-52,54,66,3 
f. oligoploka Stenzel in Renick and Stenzel (1931) .... 37,51 
HiliGardnen. (G35) remccts seater tetakts tereeeec te deitatay cicias Persil sie ce 


levicunea Harris (1896) ........... 16,31,37,38,39,41,53,67,11 
lisbonensis Bowles (1939) . 16,31,37,38,39,40,41,47,52,53-54,3 
PHLOLLONICONLTAGICLG 30 )rars creeeccceris tinerte cteutetes telat ees clei ionsieterens 
< AeA eOe 18,20, 23,27,31,32,36,48,53,53,54-64,66,68,85,/01 
mortoni mediavia Bowles (1939) ........ 0.000 cece eee eens 
Daas 6 hercknerceensn neice oi leere ea erate 37,39,40,41,48,55,57-61,61,2 
mortonivmortont ConradsGl830)) sec. erceteiee  « wisss cuss eer nlewtusy’ 
Rr ee een 1 Te Uthat 25,37,38,39,40,41,54-61,65,88,1-2 
mortoni postmortoni Harris (1894a) ........... 000 c eee eee 
YE enstchersseed “sedans 16,37,38,39,40,41,55, 572 64,59,61-64,88,2 
mortont «premortont ~Govont (1983)! ao secs cae vee tee 
aches area ITe 16,18,30,31,37,38,39,41,48,53,55,57-64,64, 1 
pleboides Vaughan (1895) ....... 18,25,31,37,38,39,41,52,65,6 
potomacensis Clark and Martin (1901) .. . 37,38,65-66 
SD rece ee Pla iers yeas shevahete te cicisdovacz a suevs oererere wiaievelolaye wivte 66,11 
SLENIZELE ME WASDCCIESi sie eicier se ies ei 37,38,39,41,66-67,11 
paraguanensis (see machapoorensis) 
paraguanensis (see variegata) 


PAN COV LEE Tn Ee Ce Etat hetnioies he TT; 12529 
PATE OLIN AC Mey eerie tts steeds feos tata ste geentareianay cearae treat severe 10 
Paspotanza Member (Aquia Formation) .................... 55 
PattersOni(OSi) Meee see cetera tec were cle mittsievecasrsis.a rset 9 
PAUP (Phylogenetic Analysis Using Parsimony) ............ 15 
PendletontRormation™ a.) «sssces eee ee: 38,41,63,83,85,86 
perattenuata Heilprin (1887), Turritella ............0.. 2000 35 
perditai@ontad (1865)! sHaiustalonwe ete ert-isiets Sais tee = eso eres 
aRAOS 18, 20,31,33,37,38,39,40,41,46,52,74-76,75-77,101,8 

p. jacksonensis Cooke (1926) eee REE IF 268975 
Delowel@ooken (92.6) ie ser ree ice aciercketsicte castcrereterstencie ers Bills) 
Jasreny GkN0)) conacoctnondad weaned cco cre aaOdoo Doone mecce 67n 
Petit and Le Renard (1990) ......... fell Vent AA EE ORO TG 67n 
PetitrandlberRenardt(O9\)imeernrsetecs siete sisisistestepeteretecese storelers 67n 
TAMRON he aches otis Bra evita Berea POS AERC TE 10,12,29 
DhylogeneticianalysiSwrrrrtrcstr sty ere stetetee states sisuerersyera cael 8,15 
pilsbryt' Gardner (1928) DUrritella aves eee es vee ee oe hoon 18 
Piscataway Member (Aquia Formation) .............-...... 55 
Pisgah Member (Kincaid Formation) .....................5. 67 
planigyrata Guppy (1867), Turritella ......... 0... e vee eee 35 


PIAtVCOLDUSt ee RORE TE rt eer ere ee ete 10,29 


pleboides: Vaughan (1895), Palmerella 0... cece vee es yee ens 


pen, cP te RR oon mek Ee 18,25,31,37,38,39,41,52,65,6 
Plummen (983) praetor an eee aren 37,44,51,52,53,83 
plummeri Stenzel and Turner (1940), Turritella ..... 37,41,67,11 
polysticha Stenzel and Turner (1940), Turritella ........ 37,38,11 
Ponderi(i973)) Repo ctes ctetercls stevie techs a oa isaretere Mists a ftaed che ys ers 31 
POrtelIRIR Wey veer tits ai cercaei ctor atcterclore ei otthcio s cictertereio cheneeesn cures a 
Porters'@reek Formation... ctasss occ ee cee nee 38,41,53, 67, 81 
postmortoni (see mortoni) 
POtATMIGIG Re et re Pate Cot efor oes ee aera ee eee eee oe 20 
potomacensis Clark and Martin (1901), Pa/merella 37,38,65-66 
Powe lIGGUOSM) MR A Seas eyclrac ee atet e che ted ce eerie Meee ate caians oe 10 
praecarinata (see carinata) 
praecellens Brown and Pilsbry (1917), Turritella ............. 35 
praecincta|Contadi(864);."Durritella ata aca ie etc ne 
cece eeeevesss + 20,31,36,39,40,41,64,81,85,86-88,87-89, 101 
p. praecincta Conrad (1864) ......... 16,27,37,38,86-88,86,14 
p. virginiensis new subspecies .............. 16,37,38,88,90,14 
“prehumerosa’’ Govoni (1983) RAR ROU Dec tac 
aah ere Re 16,18,31,37,38,39,41, 42 ,81,82,88-90, 90,91,13 
““premortoni”’ (see mortoni) 
prenuncia SpieKker (L922). TUrnilella: a ax\atevasatstlaitsetne eae eee 35 
POLO Re Re SET it actu sc eee Nee ce ETE aca 12 
PY OLOUV UC estate gece ae Te rN Ae ee eC 10,12,29 
(PYOLOIN EL AP ame re rn On ep Cer 10,29 
ProtOmina@ern.cc sen g sctecicrs cites dees a rstarsias ie arant eee alee nee 10 
quadrilira Johnson (1898), Turritella ......... 0.0.00 c cc eee 18 
Queen City Formation) ez. siemens se deters Sete aie 38,41,48 
quirosana (see venezuelana) 
Rainwater GlO64)iecctss ccccciosuncicasaieeie sre Steueuersteyare ote ert cae 38 
FRAUD ICL OGG)! eenacrcc hae oeta nee nttiedaga ince e io menace ters a 32,101 
Raupiandustanley, (1977/8) pases tereesecroretste terre otyet kstetavelets siege 13 
Reeve(li849)i oe jvcceee ventas ter CREE ode de ET nO 18 
Reklaw Formations aie cectiesrrictser <i aisle teint tetevetetercete « 38,41,48 
Renicksandrstenzel( (SS) @tenrcev nets ceeteterne eles se eens 37,44 
reversa Waring (1917), Turritella ............ A etches 36 
PREY IMENLCLIG hoch Gasaaa te Seer cietacats 5 ve ps TTI ATP Faroe Shase 10,33 
olaniyani Adegoke (977)! 20.323 eeteeisins ore erage orm ciereie nee © 34 
RACE Te ete c cere ers ce Lad ter eiev met lop ahs Coes ep ate ead ge eeerenees Sieg sust tora ate eT 7 
Richards and Palmer (1953)! sasa.c. eee eles see een oe cle 37,44 


Rijksmuseum van Natuurlijke Historie, Leiden, Netherlands . 10 
ring Palmer (937) ss QUStQtor 2 exe a crores cre eiceelelsisue ele tecesets ee stele’ 


Bee itn eee 16,18,31,32,37,38,39,40,41,69,76-78,77,78,79,10 
mucarolna Palmer (19370 aacsveste sce sec nee else 37,76-78 
raring Palmer (937); sce acters = wiee ete eas oe ere arctic 26,76-78 
Te WeECHeSENSIS* BOWES (L939) a uc cisreves «he oo eters c Gls cee 37,76-78 

TEINGLETOUD: tere hte syenainetiters oh 24,36,37,39,40,43,43-44,74,78,80,82 
RAISSOMGIS 26) care cia eiessis sere reset tneyarthe ane seal estos atede athe le 18 
rivurbana' Cooke (1926)s Haustator ~ .i.c5. esac cace sees ace ees 

ATA Eee A en eee erect 16,31,37,38,39,40,41,78,78,79,10 
r. chiapasensis Allison in Allison and Adegoke (1969) ...... 78 
r. mexicana Allison in Allison and Adegoke (1969) ........ 78 

Roberts, Soemodihardjo, and Kastoro (1982) ............... 57 
robusta Gryzbowski (1899), Turritella 2.0.0.2... 0.00 c cece eee 31 
ROPETSIANGURO PETS) (SS) rrr sscstete tetera inte anarale ansieyenctehe e ststeveteders 18 
ONES 82) Bee eer rete Gi avarc tres etch cia eatin ect aisles reesei onse ein the 15 
RosenkrantziGli97O)P si cwsctscrere ccntternveves sie. s04 obs nose cesrete aaveyraee = 34 
FRO SSHIRMIV De seater eae rch ere ece ereiovey iG eae lean each reine terme taney dl 
RRATItS CH (1943) eee. pact e chevaaetei cece whratava weer tecee 33,34,38,42 
Sabinetownubonmatlonimeencsmesiieeteere teas cierrene tl tetereetere eel 41 
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domingensis Brown and Pilsbry (1917) ................... 35) 
elemensisi/Hodsoni(926)m seas eee eee 35 
Valconensis*Hodsoni(1926)) 42-2 4sen. es eec ed seciocse cesses 35: 
pica @lssoni(O32) ieee earn er wis ose ere 35 
filicarmenensis Hodson (1926) ..............00.000e eee eee 35 
HorrestisBrown) (91S) wee eee otk a techie eee 35 
galyesta@|ssoni (Sil) waceisce rere cries et ee tennese ciate 3D: 
gatunensisiContadi( Soi) tease sear aes ace 35) 
euCaronensis Manstieldi(l925)i as-is cee an sca eee 35; 
SR CALUNENsisiGonrad, (Soi) eaaemateee temas eke eae 35 
Pautaratarana Hodsom (1926) sees ae cee ae eee 30) 


gaweavertHModsoni(l926) meee ena tere 35 


gilbertharrisi Hodson (1926) sions ate Ta ae toerar eae Ane 35 
hubbardiHodsoni (i926) 21 ase eee. eae eae 35: 
humerosaiGontadeli835 bie oe ae cee eee aac ee hee eek 8,37 
illesca Olsson (1931) ....... Dagitsertars RET Se OP eee 35 
infracarinata Grzybowski (1899) «2... .........0.......-.. 35) 
kincaidensis Plummer (1933) ...........0.-00-c00cccceee. 37 
larensisitiodsony(l'926)) 2 nase ee ene eee. 35 
limonensis@|lssoni(922)) tenis orien scence eee eee ee 39, 
lloydsmithi Pilsbry and Brown (1917) .................... 35 
machapoorensis Maury (1925) ........................... 35 
m. guarirensis Hodson (1926) ............... 000 eee. 35) 

m. paraguanensis Hodson (1926) ...................... 5) 

m. wiedenmayeri Hodson (1926) ...................... 35 
maiquetiana Weisbord (1962) ...............-..0000200-e 35 
THOSASCHSISENATKS\ (19511) ae eerie eee eee ee 3 
matarucana Hodson (1926) ............ 00000. c cece eeeee 35 
mauryi Hodsoni(926) 20. hac oe esa ce ones ev dees en cee B35 
mcbeanensis Bowles (1939) ......................2...- 37,38 
INETOENSIS{@lSSoni(L 931)! sacle tees ee ee ee ee ee 35) 
mernamu Dickersoni(93i1)) se, aaseee cee ee eee ueeeece 36 
mimetes Brown and Pilsbry (1917) ....... Dee ete eat 35 
TAIN ZOENSISTBOWIESi(1939)h aye aoe eee a eee eee 37 
monianitensisiodsom (1926)) 2.2 2esca.: setae see l een: 35) 
nasuta Gabb (1860) ......... Ren Cr ee OOM ae 37 
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University of North Carolina, Chapel Hill, Department of Geology 
aR ated Na heey oat es OI De stay Heiner NER HES ean a: MNT Panos 45 
WES:GeologicalsSunvey (WSGS)\ ic... Ge Sanpete eee eats 45 
U.S.National Museum (USNM) inser foken ci ucgtnd Makara eee 
ae ee tptetaecr ese ag cae 7,44,46.47,49,50,52,53,54,63,64,65,66, 
72,73,74,75,78,79,80,8 1 ,82,83,85,86,90 
uvasana Conrad (1855), Turritella ...........0 0000 e eee Saat O 
Valenciennes: (U832)) ckisssayatvistersveoas 2 stn ele Sie evone efebsegetatate cept 18 
Van Nieuwenhuise and Colquhoun (1982) ........... . 44 
Viarie Valen (966) q,aaeeays cheese te eede encia a euststatateve tauanatcnatars Seem Grs 61 
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vertebroides Morton (1834), Turritella Sie tetany tae Oy 30) 
Vialov and Soloun (1936) .... sEaeene 2 ee . 42 
Viesca Member (Weches Formation) ...........-...-..00+55 51 
virginiensis (see praecincta) 
vistana Hodson (1926), Turritella ........ 0000s cece cece eens 35 
y. nicholsi Hodson (1926) ..........000 eee cece ee ee eee eee 35) 


Vio keSi(UG OU) issues wesese tortie otatsdalara) crcierecme ice Wetec oo... 54,84 


Wallacei( 1855). 25. /otats vars Ssrcreiat erate re sae herein sree reser ee 17 
Wrallerx(1 969)" yscscxcees sertcec eile eicacent ee eta ent eee ene 13 
War Tes Wicd heccncs iystevave uct olavereccue ces ent Ste eval oy oie eves to RS ST oicPee me 7 
WeardiGl 98 Siit eer aes gesiarecet ieee ratte shcaches occasion 44,66 


warfieldi (see buchivacoana) 


Wassemrangd: Wilberti(1943)ioe os ceeu co ese eee eee 44.86 
Watrous;and Wheeler (198i ck, ccc ats tscoreress ona: osettres seventh eneret 2 
Weches Formation: ss... 2s.c.000csecatece 16,38,41,48,51,52,77 
weidenmeyeri (see machapoorensis) 
Wheeler: (19.8 G)ircsiscsrs ccexe,cvetsy susne/seenasclyoeteuecomessalernys eyacteterers 14,15-16, 
Wheelock Member (Cook Mountain Formation) ....... 50,52,73 
White: Blufi¢Form ation ec = cia nero sarees hence .... 38,46,47,49 
Wihitheldk (18 G5)itae cris cerns eteta stern arste 18,37,67,78,81,83,85 
Whitfield (1899)! ensereiad ooc4ace cia be wags erences tse eee 85 
Wilbert (HOSS) se ataveneccaest an chavsvern cyave cis tefonatans! ebsistavaere eerie 44,47,49 
Wilcox ‘Group; undifferentiated’... i... . nea sae pee euennels 85 
Wileyi(V98 Mi cd ohk en cc dead epee cauendee se he eee 14 
Williamsburg Formations spec 5 sre) gcee a anacc. c 2sunes nied ace eee ee 55 
Wills Point Formation ... Bis eae EPP ENES ies cy 38,41,68 
Wilmiarthi@ii930)if.2. anc sucess eka steers cee eee eee 48 
WalSOni(l 993) ie. sitseesernelsye :Ataedaven asa statl canea oeseenCeE a 
Woodring:(1!928) can aces ss elcerctsrev acne sae eee 30,42 
Woodring (11972) se. arate sea vewiee ac aie cecrtnce asa ote Semone 34 
Woodsalia ..................-.. Fa HA RRO he Fir 10 
Woodstock Member (Nanjemoy Formation) ............. 65,66 
Woodward (1851) ......... Site Srstavlovctaten nnd ¢ Gla SesAn MOOR een eas 45n 
Wirand: Richards (1981) 22...24.G.1.cccs1s sitects terete cies ateteten tenets Syl 
We yatellae ss icrsisenvn seas soy dia ie Haste ahh tose’ cttate tran ne. ta ee 10 
SY AZOON HOLM AON! sa ese custevecs > ceereratelev accelerate evaer ney 38,41,47,49 
LOVIQ® Ba vacecsateriios a ee RE Oe eA co 6 LE A2E29 
ZOACOLDUS: Nacoccssceyeict bn bee vaalia tend Midd Aenean Eh RRR 10,12,29 
VJELAMAaGWiCka (LO SMe naccnns > uer cceeitee tee ie eeneeere 21 
ENO Vis. dessa aside pe Sra alah ib arta Sasa gna tee ee eet an area at eee 7 
zuliana Hodson (1926), Turritella ......... cece cece aes 33335) 


PREPARATION OF MANUSCRIPTS 


Palaeontographica Americana currently appears irregularly, on an average of 
about one issue every other year. This series is a publication outlet for significant 
longer paleontological monographs (i.e., more than approx. 200 printed pages) for 
which high quality photographic illustrations and the large quarto format are 
required. 


Submissions are welcome from any author, regardless of institutional or or- 
ganizational affiliation. Authors must, however, be members of the Paleontological 
Research Institution at time of publication; annual membership is currently 
US$25.00. Publication costs of Palaeontographica Americana are heavily subsi- 
dized by the Institution, but authors are currently required to pay illustration 
charges at a rate of $120.00 per plate and $35.00 per text-figure. 


Important references for style and format are 1) Bulletins of American Pale- 
ontology “Instructions for Authors” (volume 108, number 347, pages 149-153); 
2) Chicago Manual of Style (fourteenth edition) 1993. Recent issues of the Bulletins 
provide useful guides but note changes with the “Instructions for Authors” men- 
tioned above. 


Manuscripts must be typewritten, and double-spaced throughout (including 
direct quotations, tables and references). All manuscripts should contain a table 
of contents, lists of text-figures and/or tables, and a short, informative abstract 
that includes names of all new taxa. Format should follow that of recent numbers 
in the series. All measurements must be given in the metric system, alone or in 
addition to their English system equivalents. The maximum dimensions for pho- 
tographic plates are 178 mm x 229 mm (7 inches x 9 inches; outlined on this 


page). Single-page text-figures should be drafted for reproduction as single column 
(82 mm; 34 inches) or full page (178 mm; 7 inches) width, but arrangements can 
be made to publish text-figures that must be larger. 


Authors must provide three (3) printed copies of the text and accompanying 
illustrative material. Authors are strong/y encouraged to prepare their manuscripts 
on word processors, as this considerably expedites publication. On initial sub- 
mission, however, only printed copies of the manuscript should be sent; the disk 
copy should be retained so that revisions can be made after the review process. 
The text and line-drawings may be reprocuced xerographically, but glossy prints 
at publication size must be supplied for all half-tone illustrations and photographic 
plates. These prints should be identified clearly on the back. 


Referenced publication titles must be spelled out in their entirety. Particular 
care should be given to reference format. Consult the “Instructions for Authors,” 
referred to above, as several changes have been introduced with that issue. Citations 
of illustrations within the text bear initial capitals (e.g., Plate, Text-figure), but 
citations of illustrations in other works appear in lower-case letters (e.g., plate, 
text-figure). 


Format of systematic descriptions should follow that in any recent number of 
Palaeontographica Americana or Bulletins of American Paleontology. 


Original plate photomounts should have oversize cardboard backing and strong 
tracing paper overlays. These photomounts should be retained by the author until 
the manuscript has been formally accepted for publication. The approximate po- 
sition of each text-figure in the text should be indicated. Explanations of plates 
and text-figures should follow the References Cited. 


Gilbert Dennison Harris 
(1864 - 1952) 


Founder of Palaeontographica Americana (1916) 


ISBN 0-87710-436-0 


. 


HECKMAN [= 
BINDERY INC. e 


AUG 99 


aa N. MANCHESTER, 
Bound -To-Pleas? TN NTANA 46962 


he eaee 
es 
eh 3 


Fava hai 
oa 
es 


coh 
ete shite 


i 
has nef dimes FaA Bie 
4 FOS 


fi 
AS yshat crt Sarat yt 
peeeinre? 


ess 


ees 
Sed Sy, 


2 


tty 
wet 
ats 


tar 
1 pena ae 
Pie 


" 
rent 


3 
eat 


Hatt 


i) 


an 
i 


ahs 


Piabecas, Sp 
Rr 


pre, 


tilt, 


i 
re 


Suite 
citer 


ri 
te 


ae 


ant ed 


‘iil 


biting 


SMITHSONIAN INSTITUTION LIBRARIE 


WANN 


3 UI 


356 


99 


